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Chapter 1
INTRODUCTION

This remedial investigation (RI) report for the Charlevoix
site in Charlevoix, Michigan, is prepared in partial satis-
faction of Contract Mb- €8-01-6692, Work Assignment
No. 46.5L53.0, and the Final Work Plan Tasks 1 through 4.

1.1 BACKGROUND SUMMARY

The City of Charlevoix is located in northern Michigan on
the shore of Lake Michigan (Figure 1-1).

The year-round population of 3,500 residents and the summer
influx of an additional 1,500 part-time residents, of Charle-

fi voix are supplied vith potable water from a caisson and flume
tl collection system burlefl in beach deposits 80 feet from the

Lake Michigan shoreline (Figure 1-2). Two 225-foot flumes
ft extend from the caisson parallel to the lake shore, receiving
[| water from the groundwater system and from infiltration of

Lake Michigan water through the beach sands.

if In September 1981, the Michigan Department of Public Health
"̂ (MDPH) detected trichloroethylene (TCE) ranging in concentra-

tions from 13 ug/L to 30 ug/L in tap water from the Charlevoix
\*- water supply system. A monitoring program was begun and
L continued to detect gradually rising levels of TCE at the

well. In December 1982, concentrations of TCE exceeded
r- 100 ug/L at the well. At that point, the city installed an

emergency diffused aeration system in the caisson to remove
some of the TCE. Based on water quality data, the aeration
system is able to remove 30 to 40 percent of TCE. With this

[ = diffused aeration system operating, concentrations of TCE in
^ the water supply system have generally been below 50 ug/L.

p In June and July 1982, the EPA's Technical Assistance Team
It (TAT) drilled 13 test wells in the vicinity of the water

intake structure without locating the source of contamina-
p tion. Sampling of the test wells found varying concentrations
? of TCE and perchloroethylene (PCE). Chloroform (85 ug/L)

and toluene (I ug/L) were also identified in one well (T5)
upgradient from the flume. No consistent results or identi-

(1 fiable plume for chloroform or toluene were found during the
U remedial investigations.

r? TCE and PCE are chlorinated organic compounds that are widely
(j used in various industrial processes. TCE was first prepared

in 1864 and found minor use as an anesthetic in 1933 to 1934.
,, TCE is a primary component in degreasing operations, caffeine
If extraction from coffee, dry cleaning, and as a chemical inter-
>* mediate in the production of pesticides, resins, waxes, varnishes

and other specific chemicals. PCE, (tetrachloroethylene or

1

]
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perchloroethylene) is a clear, colorless, nonflanaable liquid.
It has been widely used as a dry cleaning agent, degreaser,
chemical intermediate and a fumigant.

The U.S. EPA has proposed recommended maximum contaminant
levels (RMCL's) for trichloroethylene and tetrachloroethy-
lene of "0" in drinking water. The Clean Water Act, water
quality criteria for human health, drinking water only estab-
lished the 10 risk level for TCE at 28 ug/L and for PCE at

§ 8 . 8 ug/L. The 10" risk level is defined as that concentra-
tion which would be expected to result in one addition inci-
dence of cancer in a population of 100,000 persons exposed

pt to that concentration for an average lifetime of 70 years.

1.2 PROJECT PROGRESSION

p The remedial investigation of the Charlevoix site began in
L September 1983. Preliminary field work began in September

and was completed in December with the installation and samp-
pr ling of 12 borings and monitoring wells. The second major
[', phase of field work began in July 1984 and included soil

borings, monitoring well installation, water sample collec-
., tion, water level data collection and air monitoring. In
I August 1984, additional water samples and water level data
u were collected.

I Data collected in December 1983 indicated that concentrations
t . of TCE and PCE in the groundwater moving toward the water

supply well were much higher than previously measured. A
< - Focused Feasibility Study (FFS) was initiated in early 1984

because of the potential health hazard to Charlevoix residents
presented by the contaminated drinking water supply. The
purpose of the FFS was to evaluate Immediate Remedial Measures

1 (IRM's) that could be implemented to provide a safe drinking
i' water supply. The FFS recommended that a lake water intake

structure and filtration/flocculation plant be constructed
to provide Charlevoix residents with a new water supply.

At the completion of the RI, a Feasibility Study (FS) will
be conaucted to evaluate other remedial action alternatives
based on criteria established by the National Contingency
Plan in addition to constructing the lake water intake for
protecting the public health, welfare, and environment from

! contaminated groundwater and soil that remain in Charlevoix.

GLT441/84
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Chapter 2
SIT! INVESTIGATIONS

The objectives of the site investigations were:

o Determine the location and extent of contamination

o Locate and quantify the source of contamination

To accomplish these objectives a series of field activities
were initiated that included soil borings, monitoring well

— installations, collection of water samples, field analytical
|| work, air monitoring in suspected confined air spaces and
** water level mapping. The field activities were organized

into two tasks: source identification and source quantifica-
II tion.

2.1 SOUftCE IDENTIFICATION

[I[| The three objectives of the source identification task were
to:

!

«
1. Identify the source(s) of groundwater contamina-

'• tion in the Charlevoix municipal well.

j" 2. Define the vertical and areal extent of the TCE
and PCE contamination.

I!

n

0

3. Define the pathway of contaminant transport through
groundwater flow to the municipal well.

The source identification task was divided into the following
subtasks:

o Monitoring well installation

o Field hydraulic conductivity testing

o Groundwater sampling and analysis

o Water level monitoring and water table mapping

2.1.1 MONITORING WELL INSTALLATION

In the initial site visit and data gathering efforts several
potential sources of contamination were identified (Figure 2-1)
The initial boring locations were planned to identify which
of the potential sources were actually releasing contaminants
to the aquifer and to define the extent of the contaminated
plume.
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Six borings were
installed at the
borings are indica
The locations of a
during this phase
The initial three
planned to bisect
generated from the
Drycleaners and the
was found at these

iand six Monitoring wells were
>ix site In December 1983. These
200 series wells in naps and figures.

rings and Monitoring wells drilled
leld work are shown in Figure 2-2.

locations (201, 202, and 203) were
»tical plume that would have been
suspected source areas (Art's
Street Dump). No defineable plume

Lons. Additional boring locations
were selected by the site hydrogeologist to either identify
or discount other potential contaminant sources. Water samples
were collected with depth using a screened auger and analyzed
with a portable gas dironatograph (Photovac) unit. Monitoring
wells were installed In bore holes where contaminants were
detected or at locations where water level data points were
needed to define the |Q$>tiundwater surface. Details of the
boring and iron i tor i^Jgill installation program are included
in Appendix A (Task jj^Jjbchnical Memorandum) .

2.1.2 HYDRAULIC COifeicTIVITY TESTS

A measure of the ability of an aquifer to transmit water or
other liquids is represented by the hydraulic conductivity
or permeability of the aquifer. Hydraulic conductivity
usually varies from place to place in an aquifer and also
may vary depending on which direction the fluid in the aquifer
is moving. For jf̂ ptllli..riEhe vertical hydraulic conduct ivi>ty
of an â ijJĵ ^̂ iâ Ĵ̂ ^̂ ^̂ th/̂ l̂̂ -onê Tiunaredth ô îe

In order to estimate the
rates of groundwater Movement and also approximate contami-
nant movement in an aquifer information on the aquifer
hydraulic conductivity must be determined.

The method used for this investigation for estimating hydraulic
conductivity consisted of displacing a known volume of water
in each well, allowing the well to stabilize, removing the
displacement tool and rapidly monitoring the recovery of the
well to equilibrium again. Each well responded differently
and some recovered too rapidly to acqu^ re more than 2 or 3
data points. However, the response of -he wells fell within
the same general range of values and provided reasonable
data for evaluation of groundwater flow rates, aquifer perme-
ability and contaminant transport. The range of hydraulic
conductivity values obtained from these test were from 20 ft/day
to 140 ft/day. Based on the aquifer response a value of
100 ft/day was used as a representative value for the aquifer
as a whole. "—*« "••• '••"* -~*»̂ *~- -*m*r^m3SaeL**a*-*++- ?

>> ^°™y

2-3
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2.1.3 GROUNDKATga SAMPLING AND ANALYSIS

Groundwater quality data were collected by two methods, field
analysis by a field-portable GC unit (photovac) and laboratory
analysis of samples collected and shipped to an EPA certified
lab. The field unit was used to provide quick turnaround of
samples to allow the field hydrogeologist to make rapid deci-
sions on monitoring well locations, plume concentrations and
safety assessments. The laboratory data were used as confir-
mation of the field data, analysis for additional compounds
and lower detection limits.

Groundwater samples were collected in December 1984 from the
existing wells and 200 series wells installed in December
1984. "̂  cfga^ jffP.ŷ j;9 fffgM0^ rtfum provided goO4b

round also discovered a contaminated plume of PCE southeast
from the TCE plume. ^§$£§JJB -of UM 4ata indicated further

area
*cs.

A new round of water samples were collected in July 1984,
prior to installing any additional wells or borings. These
samples were analyzed on site with the field GC unit and J

duplicate samples sent to a laboratory for analysis. Using £*
these results additional borings were initiated in late July
to address the above objectives. These boring are indicated '
as 300 series borings on Figure 2-3.

.were collected in August 1984,
additional wells that had consis-

tently tftJbwn Bolft^Nloetioti. Table 2-1 summarizes the results
of the water quality sampling rounds at the Charlevoix site.

2.1.4 WATER LEVEL MONITORING AND MAPPING

ted in order to map depth to the
its "and tWererbre estimate rates
tleV.

Four rounds of water level measurements (December 1983,
April 1984, July 1984, and August 1984) were conducted in
combination with other RI activities. The first and third
rounds were conducted during groundwater sampling in
December 1983 and July 1984. The second round was conducted
in April 1984 during the field hydraulic conductivity testing.
The wells installed in July 2934 (315, 316, 317, 319 and
320) were sampled and additional water level elevations were
measured in August 1984. Water level elevations were also
measured in selected existing wells during the August 1984
sampling trip. A summary of water level measurements is
included in Table 2-2. Groundwater contour maps were devel-
oped for each of the first two rounds of water level

f
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Sail Decofccr July J
Hutor 1983 1984

1 * *<1F)

2 0.6 *(*T)

3 * *(*f)

3 (dup.) *

4 480 960(344F)

5 * *(*F)

6 * *(*F)

6 (dup. ) *

7 * *(*F)

8 8.1 10 (8F)

8 (dup.) 8.8 10

11 8.9 44 (8F)

11 (dup.) - 15 (8F)

Tl 3.0

T2 405 140 (65F)

T4 * * (*F)

T5 5.5 *(1F)

T6 * *f*F>

201 14 25(23*5

201 (dup.) 11

GLT441/87-1
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TtfO* 1-1 (pa«a 1 of 2)
iMORATOW FBXMII DATA SIDMARY

T«trachloro«tbeoa Other
or P»rchloro«tbeoe-PCI Volatile

ug/L CoKXTuads
UipMt Deoee*>er July August Detected
19W 1983 1984 1984 and Date

0.6 *(*F)

* 18 16U.5F) SIC*

0.8 *(*F)

0.6 -

450 21 5.5(*F) 5.5

4.3 *(*F)

* *(*F)

* .

* *(*F)

2.3 *(*F)

1.7 *

340 880(194F) - Trans-1,2-
di cb 1 or oe tbeue
5K* July 12, 1984

1,300(194F)

2.6 -

<20 *(*F)

2.0 *(*F)

2.6 *(*F)

4.8 *(*F)

1.6 *(*F)

* -



I
I Table 3-1 (page 3 of 2)

i
3
1
R
(!

0

r

; -

1

>j.

i:

r

L

!.:
1!
j

0

Sail
Httsfcer

202

202 (dup.)

206

209

210

212

212 (dup.)

231
(DKR Well!

315

315 (dup.)

316

317

319

320

Tetrachloroethena Other
Trichloroetheae 'TCE or Parch loroethene-PCE Volatile

«•/!. UQ/L Compounds

D»««PM- Jtaly August December July Aagost Detected
1983 1984 1984 1983 1984 1984 and Date

5.7 13 (1ST) 18 2.3 *(*F) *

12UOF) - - *(*F)

230 250(2007) 180 54 *(*F) *

4.0 5K(3F) - 130 150(119F)

0.7 *(3f} - 11 35(25F) - Acetone 9.8 ug/L
7/12/84

730 510U22F) 280 <50 *(*F) *

660 580(406F) - 110 *(8F)

2.2 - - 67 - -

850 - - 9.4

920 - - 9.5 Toluene 5K* 8/20-84

* - 21

* 29

9 - - 11

\t - - *

Field (Photovac) screening results for samples collected concurrently with CLP samples are
designated with a 'F1 and listed in parenthesis

K* indicates compounds detected at below the detection limit (5 ug/L) , but greater than zero
for July 1984 sampling round

* indicates co«pound not detected
indicates no sample collected

December 1983 samples analyzed by the purge /trap tecfr?low '.}"',. -g g&s chromotograpby and a halide-
speclf ic detector - EPA Method 601

July 1984 samples analyzed using the purge trap technique with GC/MS - EPA Method 624

10 cancer risk concentration for TCE»2 8 ug/L
10 cancer risk concentration for Pd»8.8 ug/L

GLT441/87-2
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Tl

T2

T3
T4

T5

T6

Depth of
•ell

Feet Below
Ground
Surfa

46.0

36.0

68.0

34.6

56.£

53.0

37.0

57.0

67.0

27.8

25.5

24.0

21.0

36.0

34.5

VMUUNU

Top of
Casing

HeWetiOB

Feet AbOTe
Ml

643.35

607.31

641.16

€10.00

628.80

625.35

620.43

626.90

638.00

596.89

595.11

591.47

587.00

612.95

614.42

HATJSK LEVEL SUBHART

(page 1 of 2)

Depth to
Hater

Feet Below
Top of Casing

30.12
16.48
29.86
24.88
24.94
24.49
24.49

54.65
54.38
29.40
29.29
28.71
28.96
49.56
48.36
48.07
40.17
40.19
39.92
22.27
20.96
21.58
46.62
46.36
46. 08
54.. 8
54.02
53.75
16.84
15.84
15.50
14.73
14.54
i:.i:
8.00
6.79

29.57

29.28
31.09
31.15
30.78

Rater Level
Elevation

Feet above msl

613.23
626.87

613.49

582.43
582.37
582.82

582.82
586.51
586.78
580.60
580.71

581.29
581.02
579.24
580.44

580.73

585.18
585.16
585.43
598.16
599.47

598.85
580.28
580.54
580.82
583.82
583.98

584.25
580.85
581.05
579.61
580.38
580.57

5""3.3>*
i79.ro

5flO.~
583.38
583.67

583.33
583.27

583.64

Date
Measured

12/20/83
04/16/84
07/11/84
12/21/83
04/16/84
07/11/84
08/30/84
12/20/83
07/11/84
12/21/83
04/16/84
07/11/84
08/30/84
12/21/83
04/16/84
07/11/84
12/20/83
04/16/84
07/11/84
12/20/83
04/16/84
07/11/84
12/21/83
04/16/84
07/11/ 4
12/20/83
04/16/84
C- '11/84
li/21/83
07/11/84
12/21/83
04/16/84
07/11/84
12/21/83
12/21/83
07/11/84
12/21/83
07/11/84
12/21/83
04/16/84
07/11/84

GLT441/86-1



2-2
IB LEVEL SUMHAJff

tpege 2 of 2)

•ell

201

202

206

209

210

212

315
316
317

319

320

Depth of
•ell

Feet Below
Ground

Surface

51.5

68.5

35.0

49.0

49.0

61.0

37.0
39.0
38.0

55.0

60. e

Top of
Casing

Elevation
Feet Above

615.66

613.30

594.41

611.38

609.12

612.08

612.35
606.62
611.63

610. 82

6J4.31

Depth to
Hater

Feet Below
Top of Casing

34.56
34.54
34.04
31.95
32.10
31.48
31.60
14.17
14.04
14.00
14.38
29.99
30.00
29.41
28.50
28.52
27.84
31.80
31.54
30.86
30.73
30.98
25.71
29.85

31.88

43.34

Rater Level
Elevation

Feet above msl

581.10
581.12
581.62
581.35
581.20
581.82
581.70
580.24
580.37
580.41
580.43
581.39
581.38
581.97
580.62
580.60
581.28
580.28
580.74
581.22
581.35
581.37
582.91
581.78

578.94

580.97

Date
Measured

12/21/83
04/16/84
07/11/84
12/21/83
04/16/84
07/11/84
08/29/84
12/21/83
04/16/84
07/11/84
08/29/84
12/20/83
04/16/84
07/11/84
12/21/83
04/16/84
07/11/84
12/21/83
04/16/84
07/11/84
08/30/84
08/29/84
08/29/84
08/29/84

08/29/84

08/30/84

NOTE: The 16.48 foot (4/16/84) water depth measurement recorded for monitoring well
No. 1 may be questionable because of the large difference from the other two water
level measurements: 30.12 ft. (12/20 S3) and 29.86 (7/11/84).

GLT441/86

GLT441/86-2



measurements as illustrated in Figures 2-4 and 2-5. July
and August water level measurements were combined in
Figure 2-6.

SOPRCE QUANTIFICATION
of the source quantification task
| of TCE COTYtamlnatt»K A secondary

objective was to further assess PCE contamination. The general
locations of potential source areas were determined during
the December 1983, RI activities. &Xft£t so«4fte<«) of TCEt
and pĉ ôn̂ amlnfĵ fc, such as drxwwTT^lttflT^or leaks, were,
however̂ liot̂ ffei»|*ft.ed. The primary objectives of this
task were therefore revised to further investigate the source
of TCE contamination as well as more clearly define the size
and extent of the TCE plume. Additional objectives were to
assess the horizontal extent of the PCE plume and to better
define groundwater flow paths to the north and east of the
suspected source area. •%» purpose of assessing PCE contamin-
ation was to evaI^*tetJ»e'potent 1*1 for movement of contamin-
ated groundwaterSA^O1*$ municipal ifell/ Round Lake, «*e
Pine River, and possibly take Hichlgaia near the MDNR well.

The source quantification task was divided into three major
subtasks:

o Air Monitoring
o Shallow Soil Borings
o Deep Soil Borings and Monitoring Wells

Field procedures and technical details involving each of
these activities are covered in the technical memorandums,
included in Appendix A. Source quantification activities
were conducted in July and August 1994.

At J .#
2.2.1 AIR MONITORING rjOFWl.^)

The purpose of the air monitoring was to determine.if organic
vapors were present at potentially hazardous leveĵ s in build-
ings, crawl spaces, or storm drains located in areas overlying
the contaminated ^rotm4w«ter. A secondary objective of the
air monitoring was to search for potential sources of TCE
and PCE contamination through the presence of detectable
organic vapors in the air.

The inspection was conducted using an HNU PI-101 photoionizing
organic vapor analyzer, with a 10.2 electron-volt probe cali-
brated to benzene. The relative response for both TCE and
PCE vapors is approximately equal to 90 percent of the response
for benzene on the HNU. file vapor- densities for TC9I and PCX
are 4.5££̂ *3tt|3£̂ ^
area«>'wfifn as basements and floor drains, were of major
interest.*

2-11
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The inspection, conducted in and around the nine buildings
and the Newman Street Dump site listed in Table 2-3, consisted
of surveying basements* crawl spaces, walls, corners, floors,
and floor drains in buildings while monitoring with the HNU
unit. Monitoring wells and the general ground surface were
inspected near the Newman Street Dump.

No detectable concentrations were found that could be related
to the groundwater contamination.

2.2.2 SHALLOW SOIL BORINGS

The was to collect soijl
-" - - • ' - • • - - * - ----»

B

Twelve
shallow '"borings were drilled approximately 5 feet below the
water table at the locutions shown in Figure 2-3. The approxi-
mate total depth of a 14011 shallow boring was 35 feet. Fifty-two
soil samples and 12 groundwater samples were screened for
TCE and PCE using headspace analysis with the Photovac unit.

Shallow soil boring locations were chosen based upon data
from existing weljji .ox̂ previously completed borings, jpftjltial
locations were Ĵ ^̂ ^̂ Oip. Intersect t»e areas of higlilic
known TCE _<Jonce1wfcr|!jjj|aB8* As borings were being completed,
soil and groundwater samples were screened for TCE and PCE
with the Photovac. The results from these screening activi-
ties allowed additional boring locations to be selected in
areas closer to the source of TCE contamination. The results
and analysis from these surveys are discussed in Section 3.
The field screening of groundwater samples was successful in
defining the area of highest TCE contamination (Table 2-4).
TCE and PCE were not detected in high concentrations with
the Photovac on any of the soil samples collected in the
shallow borings using-headspace analysis. Photovac screening
results for soil samples are listed in Table 2-5.

The negative results from the soil screening analysis indicate
that no residual sgiBrqê of highly concentrated TCE or PCS
was penetrated by •<njf-̂ |£ the soil boringe. Although there
is still a possibility'"that a buried tank or drum exists in
the area it is more probable that the source for the ground-
water contamination was a single spill incident. The contami-
nants are now relatively well dispersed in the groundwater
without a continuing source of replenishment or reservoir in
the soil or unsaturated zone.

2.2.3 DEEP BORINGS AND MONITORING WELLS

When the shallow borings were completed, deep borings and
additional monitoring wells were installed to further assess
the extent of the TCE plume. Secondary objectives of this
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Tabla 2-3 Ipag* 1 of 2)
AIR MONITORING SIMURY

Building or location

Count r Anon Building i03 AntrlB St. 7/lf/B4-09OO

Count? Mi tiding

Cltj Hell end Fir. Station

B.J. Goodwin'»
(forwrlr Art'* Drycl«anar>)

Antrlo St.

Na*on St.

230 AntrlD St.

7/16/84-0930

7/16/84-W45

7/16/84-1020

Navnan St. ttatf Bit*

OT441/76-1

St. 7/16/84-1110

Outlld* of building In yird

call 109
- utility cibMt
- Building tnfpKt
- 0«lHDfl
- nortlMUt offlc*
- north rooa
- ncord •tora

Outild* of building In jrard

- ball M«t to T«ilU
- bollftr roo> vorkabop
- furnao* rooa

- uit itorag* rooa
- Polio itorag* rooa

- outilo* of frolic* ctorag* roo«
- crml tp*c* n«ar «t«lrvay
- voM&'a lounga

Boaaawnt
- along walla

Back atorag* rooa
- ganaral ar»a
- 6-lnch drain

- avail drain* along vaat vail

Back anad
- along dirt floor

Outalda along ado. of building*

Hall Ti
Surface toll around *lta

HMD Maadlnga
ppai-Iqulralaot

to Baot«o*

0.6

3.3
1.3

1.0
2.0
O.J

0.3

0.0
0.4
0.3

O.S-1.0
6.0-13.0

1.0
0.3
0.5

0.5-0.8

O.S
300

10-130

0.5

3.0-7.S

0.0
0.0

•00*1 poorlf *wtll«t«< viU
aararal ga*ell*« eoataviaan

Drain* fonatrly
cl.anlng*
No longer balng

for dry-



T«bl* 2-3 (page 2 of 2)

Bullding or location

Cnarlevoli Kiddle School

Addreat

Grant St.

Wlncbeeter'a Funeral Hoe*

Jack Qordoo Baaldanc*

Kick Maaan RMldeno*

Mr*. Barry *>o<l Heeldeno*

State St.

306 Clinton St.

204 Clinton St.

307 Maaon St.

202 Clinton St.

I)at« and
Tla*

Surveyed

7/l«'*4-1330

7/1" 84-1600

7/19/84-1630

7/19/84-164?

7/19/84-17OO

7/19/84-1715

fcraa* Sunrarad

H*at Ming
- nortbw«at corner cr*w^*paca
- northwest corner cravlapac*

b*t Winy
- north vail crair 1 apace

Ba«a»ant
- boiler roon and laundry rooai
cleaning equipment atorage rooa

- floor drain near north entrance
to baaeaent

Outalde
- fuel oil tank vent
- playground atom aever in the
trick Infield

- aonltorlng veil Ho. 4
- Monitoring well Ho. 312

Baaeaent
- general areaf wall*, floor*

Gang*
- general area
- floor drain

Natal garage behind houae

Baaeaent of bouae

Baaanent and crawlipaoa of houi*

Sbed *nd barn behind hou*e

wn Heeding*
ppa-Cqulfalent

to Benien*

0.3
0.3

0.4

0.1
1.0

0.3

0.3

0.0-O.2
0.0
0.0

0.0

0.0
3.5

0.0

0.0

0.0

0.0

4-feet below flaw ****)1
Crawlapeaaa all vaWf erf
doety

Slifht

GLT441/76-2



Table 2-4
SHALLOW HUD ING FIELT GPOONDHATEII DATA

•orlatj

301

tta
tat

MM

3OS

10*

M>7

tat

tot
309

110

311

312

•Not detected

QLT441/77

Date

7/17/S4

7/17/S4

7/1S/M

7/U/M

7/ll/M

7/18/S4

7/19/S4

7/19/B4

7/19/M

7/19/M

7/19 iH

7/33/84

7/30/84

(aaple Muatxr

CVX-OF-301-OJO

CVX-GT-S03-OM

CVX-GF-J01-O13

cvx-GT-104-013

CVI-OT-30S-033

CVJ.-GT-306-033

CVX-OF-307-033

CVX-W-1OS-O11

cvi-ar-i09-o33

CV1-GP-309-O31D

CVX-GT-310-033

CVX-OT-311-033

CVX-GT-3 12-033

Banple
Depth

SO1

33'

33'

33'

33'

33'

33'

33'

13'

33'

33'

33'

33 '

Groundwater
Level (Feet

Below Ground
Surface

28.0

30.5

26.5

35.6

37.0

37.3

37.5

31.2

25.3

25.3

27.3

29.1

27.4

Seeding
Method

Ball

Ball

Bell

Ball

Bali

Ball

Bail

Ball

Ball

Ball

Ball

Ball

Ball

tTtcfcloroetaaa* TCK
looooantrattop-M/U

1*4

l

l

2

14

•

a

•32

5

5

3

19?

325

IMlMUaVMtl
a -̂̂  ̂l-aî .--̂ -̂ ^aV*eatmmm^mmmmmmnmmm|

Jcmeflm|0|||

*
M

1

J

12

e

•
.
i
n
•

14



I
I

I
1
1

(I

0
D

302

303

304

305

306

T-fcle 2-f
OONTMIXmNT COHCEMTMTIOHB TJI SOIL

SMOUB OXUCTB DOMKG IB KZ
FlttD

qaUt-Spoao Deptfc tMe* _ " KB PCE
Boring Simple Gnee4 CoexseBtretioo Coooeotratioo

CTt) fee/1.) (uq/L)

GLT433/57-1

SS-1
SS-2
SS-3
SS-4
SS-5

SS-6

S-7

10-11.5
15-lft.S

20-21
2S-2*

30-31.3

1
0
1
2

45

41

0

0

0

0

0

SS-1
SS-2
SS-3
SS-4

SS-1
SS-2
SS-3
SS-4
SS-5

SS-1
SS-2
SS-3
SS-4
SS-5
SS-6

SS-1
SS-2
SS-3
SS-4
SS-5
SS-6

SS-1
SS-2
SS-3
SS-4
SS-5

15-17
20-21.5

25-26
30-31

2-4
6-7.5
10-12

14-15.5
18-19

2-4
6-6

10-12
18-20
22-24
26-28

1-3
5-7

10-12
15-17
20-21
25-26

5-7
10-12

15-16.5
20-21
25-26

0
<1
0
0

<!

0
0
0
0

0
0
0
0
0
0

0
0
0
0
0

<l

0
0
0
0

<1

0
<1

0
0

<!

0
0
0
0

0
0
0
0
0
0

C
0
0
0
0
0

0
C
0

<1
<1

Rater table at 28 ft.
TCE concentration in
groundweter is
194 ug/L.



Teble 2-5 (Continued)

Boring
•tanber

307

308

309

310

311

312

Spllt-Spooo
Semple
•tanber

86-1
96-2
SS-3
SS-4

3S-1

SS-2

SS-3
SS-4
SS-5

-

-

SS-1
SS-2
SS-3
SS-4
SS-5

SS-1
SS-2
SS-3
SS-4
SS-5

Depth Below
Oroomd

Surface (Ft)

5-7
10-12
15-17
20-22

5-7

10-12

15-17
20-22
25-27

-

-

5-7
10-32

15-16.5
20-21
25-27

5-6.5
10-12

15-18.5
20-21
25-26

TCE
Concentration

(ug/L)

0
0
0
0

0

<1

0
0

<}

-

-

-• i

0
0
0
0

2
C
0
0
0

PCE
Concentration

(og/1.)

0
<1
0
C

0

0

0
0
0

-

-

<!

0
0
0
0

C
0

C
0
0

Comments

Dark brown to black
fill 0-12' fill.
Dark brown to black
fill.

No split-spoon samp-
les collected,
groundwater sample
only.

No split-spoon samp-
les collected,
groundwater sample
only.

Dark brown fill.

Tne detection limit for both TCE and PCE is approximately 1 ug/L using the PHOTOVAC GC.

GLT433/57-2
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highest concentrations of TCE ateffort were^to a_
or near "tluT sourd*

w le scope o
rails in eight bor-

ings, shown in Plgafcit.i-3. Procedures for completing the
•borings and installlBg the veils were similar to those used
' during the source identification task in December 1983.
-• ' • - -

to confirm
Two wells, one upgra-

Lent U1T) and one Oowngradient |315T̂ from the area of high
TCE concentrations were installed. Three additional wells,
316, 319, and 320 were installed to evaluate groundwater
flow to the north and east and to further define the PCE
plume. Borings 313, 314, and 318 were advanced with screened
hollow stem augers to Investigate the vertical and horizontal
extent of the TCE plan*.

A summary of field screening results for the additional deep
borings and monitoring wells is presented in Table 2-6.
Several groundwater saaples were screened for TCE and PCE at
each sampling depth in order to provide quality control data
on the field procedures being applied.

The area of highest TCE concentrations in groundwater were
located just below the water table at the Charlevoix Middle
School grounds. The highest PCE concentrations were detected
at monitoring well 11. The source of TCE appears to be
located at the Charlevoix Middle School grounds and the source(s)
of PCE appear to be located along State Street, south of
Hurlbut Avenue. No organic vapors were detected that could
be attributed to TCE or PCE contaminated soil or groundwater
in the part-per-million (ppm) range in the locations surveyed
with the HNU, except in the floor drains of B.J. Goodwins
(formerly Art's Drycleaners). -The water quality data from
the borings surroundings B.J. Goodwins indicate little or no
contamination reaching the water table from this area. The

both TCE and PCE is 100 ppn for a*y """/
Therefore, B.J. Goodwins is not considered a

heaT€h""hazard* or environmental threat at the present time.
However, there is a potential for the present soil contamina-
tion to contribute to groundwater contamination sometime in
the future.

GLT441/85
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Table 2-6 U>«9» 1 o( 2)
NEW HELLS AND DEEP BORINtS FirLD GROtlNONATER DATA SUWURY

Boring/
Hell

Muaber

313
313
313

314
314
314

314
314
314

314
314
314

315
315
315

31S
315
315

315
315
315

319
315
315

316
316

316
317
317

317
317
31B

Date
Sanplea

7/23/84
7/23/84
7/33/84

7/34/84
7/34/84
7/34/84

7/34/84
7/34/H4
7/J4/«4

7/34/M
7/34/f
7/24/M

7/35/*=
7/35/H*
7/35/1":

7/35/8'
7/35/8''
7/35/8'

7/35/8«
7/35/8
7/35/W

7/35/84
7/35/84
7/35/84

7/26/84
7/26/84
7/36/84

7/3»/84
7/X/84
7/36/84

7/26/84
7/36/14
7/26/84

Sanpla Kunbar

CVX-OT-313-03QA
CVX-GF-313-030B
CVX-GF-313-030C

CVJ-OT-314-04QA
CVJ(-Gr-314-O40B
CVX-GF-314-O40C

CVK-GF-314-O50*
CVX-GT-314-050B
CVX-GT-314-OSOC

CVX-GT-314-OSOA
CVK-GF-314-060B
"\TI-Gr-314-060C

' >Tt-Or-315-725A
(. -X-CT-315-735B
r\T(-Gr-315-725C

CV-OT-315-725BD
CV' OT-315-RB1

' v> '-.F-315-RB3
•'••" I.F-315-RB4

CVS-OT-315-PB5
CVJ-GT-315-RB6
C>«-Gr-S15-RB7

CVK-GT-316-726A
CVK-Gr-316-7368
'VI-GF-316-736C

(. •X-OT-316-736JU)
C\fX-Or-317-734i«
CV-OT-317-736B

CVX-Gr-317-73«C
CVX-Gr-317-»Bl
CVX-af-318-47A

Daplh

30'
30'
30'

40'
40'
40'

50'
50'
50'

60'
60'
60'

37'
37'
37'

37'
37'

39'
39'
39'

39'
38'
38'

38'

47'

Saapling
Hatbod

Punp
Punp
Ball

Punp
Puaip
Ball

Punp
Rail

Puep
P>iep
Ball

Pu«p
Punp
Ball

Ball
Punp
Punp

Punp
Punp
Punp

Punp
Punp
Punp

Punp
Ball
Punp

Punp
Punp
Punp

Ball
Punp
Punp

(conoentr»F ton-ug/L)

t i l
138

18

175
150
178

643
679
514

589
732

3

1
13

1

Tetref-hloroetbene or
Percblortietbene-FCE
tconceotration-ua/L)

4
4
3

With van enfln* nan*
HUb van engine off

3
«

405

18
14
14

19
35
38

35

Nell Installed 7/24/M

Ulnae water bleak

Una* water blank
Din** water blank
Una* water blm*

Ulna* water blank
Kin** vater blank
Rliwe water blank

Hell Inatalled 1/3S/M

Hell Installed 7/IS/M

Rlnee water bla

•Not detected

O.T441/78-1



•Hot detected

GLT441/78-3

Table 2-6 (page 2 of 2)

Date
Sanpleo

7/26/M
7/36/84
7/36/84

7/24/M
7/36/84
7/26/84

7/26/84
7/26/M
7/26/84

7/247B4
7/26/84
7/26/84

7/2«/M
7/M/M
7/34/M
7/27/M

Sanple Muntoar

CVX-GP-31B-47B
CVX-GT-318-47f
CVX-CT-31B-RB1

CVX-OT-318-RB3
CVX-OF-318-RB3
CVX-GT-318-63A

CVX-OT-31I-62B
CVJ-Or-318-6JC
CVX-(7-318-63M>

CVX-OF-31B-62BD
CVX-GT-318-42CD
CVX-GP-3 19-47*

cvi-or-3i»-«o*
CVX-QF-J19-608
CVX-OF-3JO-727

Sanple
DepUl

47 '
4 7 '

62'

62'
63'
63'

63'
62'
47'

47'
60'
60'
60'

Sanpllxa

Puni
Bar

Punp
Punr
Punt

Pum
Ball
Punp

Punp
Ball
Punp

Punp
Punp
Punp
Puap

Trlchloroetbene-TCE
lct>ncentr«tlon-ug/L)

519
519

456

476
344
430

440
211

25

34
6
7

23

Tetraoklorontlana* *r
Percbleroetbene-PCX
(conoaatration-ua/L)

Una* water klank

Ulnae water blank
Una* water blank
Una* water blaa*

Rlna* water blnak
Ulnae water blnak
Una* water blank

linn* vnta* blank
«ln*e Mta* btank
Una* VaUr bla*a\

10
II

•ell iMtaJM 7/2T/M
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Chapter 3
SITE INVESTIGATION DATA ANALYSIS

3.1 LEVEL AND EXTENT OF CONTAMINATION

The level and extent of TCE and PCE contamination was assessed
using data collected during the drilling and monitoring well
installation activities conducted during the source identi-
fication and quantification tasks. Contour maps and cross-
section maps showing inferred equal concentration contours
of TCE and PCE contamination, (Figures 3-1 through 3-4),
were produced using field and contract laboratory data from
both December 1983 and July/August 1984.

The use of TCE and PCE as solvents, degreasers, drycleaning
solvents and chemical intermediates directed the investiga-
tions to concentrate in areas suspected of using TCE or PCE
presently or in the past.

Shallow soil borings were intended to define the nature of
the source of TCE contamination; however, no concentrations
of TCE or PCE over 50 ug/L were detected in soil samples
collected from the soil borings. The shallow soil boring
activity was successful in locating the area of highest TCE
contamination in groundwater. The highest concentrations of
TCE in groundwater were found in groundwater samples collected
just below the water table at the Charlevoix Middle School
playground. Concentrations of greater than 900 ug/L of TCE
were found in monitoring well No. 4 and boring 308. Concen-
trations of TCE decreased to the west along Clinton Street
to the 100 ug/L range near the pump station, as shown in
Figure 3-1. The thickness of the TCE plume was estimated to
be about 50 to 60 feet at the 206 and 212 boring locations,
based on the concentrations shown in Figure 3-2.

The highest concentration of PCE, 1,300 ug/L, was found at
monitoring well If o. 11 (Figure 3-3). PCE concentrations
decreased to the north along State Street to less than
25 ug/L. West of Grant Street, PCE was not detected in any
of the borings or monitoring wells sampled in July 1984.
Data to the south and east of monitoring well No. 11 were
limited, with only one monitoring well in the area south of
well No. 11.

The total mass of TCE and PCE contained within each plume is
very difficult to quantify because of the uncertainties in
establishing the zero concentration contour. The mass was
estimated, however, using the average concentrations between
contours and the assumed plume dimensions shown in Figures 3-1
through 3-4. The plume boundary for the TCE plume was assumed
to be an area bounded by State and Sherman Streets on the
east and west, and Park Avenue and Mason Street on the north

3-1
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" INOICATCS TCI NOT OETCCTtO

A EXISTINOMONITOfllNO HELL LOCATION
IN*TALL«0 IEFOKE JANUARY IB*4

A BOMINO LOCATION COMPLETED DEC 18*3

O ADDITIONAL SHALLOW BORING LOCATION JUl 1

NEWMAN ST DUMP

n ADDITIONAL SCREENE D HOLLOW STEM AUGER
BORING LOCATION JULT IO94
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FIGURE t-1
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and south. The boundary for the PCE plume was assumed to be
as shown in Figure 3-3 on the west, and Bridge Street on the
east, with Pine River being the northern boundary and Lincoln
Avenue assumed to be the southern. The mass of |̂l|vlB tilt

The total mass of PCE in the plume shown in Figure 3-3 was
estimated to be 95 kg, which is equivalent to a volume of
about 15 gallons of pure PCE. If these contaminants were
the result of a spill £he araount^wJLy^ed would be expected
«*̂ »?ld««*»:3.̂ * J£** jii!L££S«*n8 i* «* *piif«sr

Ion and soil adsorption.

3.2 POTENTIAL SOURCES OF CONTAMINATION

The shallow soil borings and the field HNU survey were the
two primary tasks designed to identify sources of TCE and
PCE contamination. The only HNU readings that were signifi-
cantly above background were recorded in the police depart-
ment's storage room, located in the basement of the City
Hall building, and in the floor drains located in the back
room of B.J. Goodwin's (formerly Art's Drycleaners). The
HNU readings noted in the police storage room of 6 to 12 ppm

j above background were apparently caused by several partially
' filled gasoline containers stored there. The organic vapor

concentrations of greater than 300 ppm recorded in the floor
[ drains at B.J. Goodwin's were apparently caused by PCE vapors.
| The floor drains were reported to have been used to dispose

of dry cleaning solutions when the building was used as a
dry cleaning establishment. The Michigan Department of Natural
Resources (MDNR) sampled the floor drains to a depth of 15 feet
using hand augers and reported that these are open sand drains
into the soil beneath the building. PCE concentrations in

f soil samples collected from the floor drains by the MDNR in
I. 1983 ranged from 110,000 to 460,000 ug/L. A soil sample

collected from the 3-foot depth also showed TCE contamination
p at a concentration of 1,000 ug/L. However, based on the
[• isoconcentration ruaps (Figures 3-1 and 3-3), neither the

police storage room or the floor drains at B.J. Goodwin's
appear to be contributing TCE or PCE to the groundwater con-

j tamination. Other buildings and areas, including the Newman
'• Street Dump, surveyed with the HNU did not show any readings

significantly above background, as listed in Table 2-3.
r
i Soil saaples collected from borings 308, 312, and 313 (Figure

3-5) indicated fill material had been placed to depths of up
f to 14 feet at boring 308. The existence of this fill was
j confirmed through discussions with Charlevoix School District

personnel. According to school district personnel, a wing
of the school was originally located in the area where the

: playground is now located. This wing was reportedly demo-
u lished in the early to mid-1950's. Tto* basement of the old

wing was filled with soil of unknown origin. Later, in the

3-6



1
I

a
9
a
B

LEGEND

A MONITORING WELL INSTALLED
BEFORE JANUARY '964

• MONITORING WE LL INSTA LLED
JULY 198«

Q SCREENED AUGER BORING • JULY 19*4

O SHALLOW SOIL BORING • JULY 19B4

'//. WING OF SCHOOL CONSTRUCTeO IN THE 19BO'i

TCE CONCENTRATION CONTOUR IN
GROUNOWATER (ue/U
JULY-AUGUST 1964 DATA

INDICATES NO TCE DETECTED

INDICATES FIELD (PHOTOVACJ DATA

ALL TCE CONCENTRATIONS ARE EXPRESSED
IN (ug/L)

125

SCALE IN PUT

FIGURE 3-5
CHARLEVOIX MIDDLE
SCHOOL GROUNDS
CHARLEVOIX. MICHIGAN



1
1
II

I!
0

late 1950'• a new, mailer wing was added to the school south
of the playground, which now contains the woodworking shop
and a science laboratory (Figure 3-5).

£&*&••/'&'<*? ̂

TCE may have been spilled during the &^tftt&rvr*V&ti8'tiite*
tion activities that occurred during the early 1950*s. TCE
was commonly used as a degreasing solvent in the 1950's and
may have been used with the construction equipment. It is
also possible that some portion of the fill material used in
the area of the baseball diamond was contaminated; however,
existing data from soil borings do not indicate this. TCE
may also have been spilled into floor drains or sewers in or
around the old school building. The total estimated mass of
TCE in the plume is 95 kg (16 gallons of 100 percent TCE),
indicating that a relatively small spill (although greater
than 16 gallons) may have been the source of the contamina-
tion.

The highest concentrations of PCE were found along State
Street near the corner of State and Hurlbut (Figure 3-3).
Based on the TCE and PCE concentration maps, Figures 3-1 and

\* 3-3, the source of PCE does not appear to coincide with the
L source of TCE. Potential sources of PCE contamination are

the former commercial laundry, the existing dry cleaning
establishment on Hurlbut Street or some other source to the
south (Figures 1-2 and 3-3). Other potential sources of PCE
contamination may include, but are not limited to, dry cleaning
establishments, auto repair shops, the airport, machine shops,
and other service facilities. The total estimated mass of

*• PCE in the plume is approximately 95 kg (15 gallons of 100 per-
cent PCE) although this is a much more uncertain estimate

? because of the lack of data to the south.i

3.3 RATE OF CONTAMINANT MOVEMENT

The movement of the contaminant plumes in the Charlevoix
aquife'- is dependent on the rate ~.rd directions of groundwater
flow. Under steady state conditions, where the aquifer is

I relatively unaffected by pumping, the rate of groundwater
!. movement can be approximated using Darcy's Law:

f Q = KIA
| where,

Q = flow rate
K = hydraulic conductivity

I, I - hydraulic gradient
' - A = cross sectional arê . througn which flow occurs

rearranging,
F q - Q/A » Ki
L where,

3-8



q « specific discharge * rate at which water flows
through a unit cross sectional area of porous mater-
ial.

The average pore velocity of water traveling in a porous
material is obtained by dividing the specific discharge
by the effective porosity of the porous material.

v. = q/n
where,

v. = average pore velocity
n1 = effective porosity

therefore,
v. = Kl/n

The hydraulic gradient of the Charlevoix aquifer is estimated
to be 0.005 feet/feet based on water level data obtained
from monitoring wells. The porosity«of the aquifer is esti-
mated to be 0.25 to 0.30. Using the field values of hydraulic
conductivity from 20 ft/day 140 ft/day, which are typical
for the aquifer material, the velocity of groundwater flow
is estimated as follows:

Low v. = (20 ft/day) (.005)/0.30 = 0.33 ft/day
High ̂  = (140.1 ft/day) (.005)/0.25 = 2.8 ft/day

The rate at which an organic contaminant moves through an
aquifer is often much less than the groundwater velocity
because of sorption/desorption effects. The ratio of ground-
water velocity to contaminant rate of movement is defined as
the retardation factor which is not always a constant. For
these calculations, the retardation factor for TCE or PCE is
assumed to be approximately 2.5a. The rate of contaminant
movement is calculated as:

v = v./R
where,

v = velocity of contaminant
v. = groundwater velocity
R1 = retardation coefficient

therefore,
Low v « (0.33 ft/day)12.5 = 0.13 ft/day
High S = (2.8 ft/day)/2.5 = 1.12 ft/day

The estimated upgradient end of the 100 ug/L contour line of
the TCE contaminant plume if estimate:? to be approximately
1,250 feet from the municipal well. Assuming the highest
estimated rate of cortairinant movement (1.12 feet/day), it
would take in excess of 3 years for the TCE plume to travel
from the area of highest contamination to the municipal well.

wilson, et. al., Journal of Environmental Quality, 1981.

3-9
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The area of highest PCS contamination is estimated to be
approximately 2,300 feet from the municipal well. It would
take in excess of 6 years for the PCE plume to travel from
the area of highest contamination to the municipal well assum-
ing the same retardation factor for PCE as TCE and the highest
estimated rate of groundwater movement. Based on the PCE
concentration map (Figure 3-3), it will take an additional
2.5 years for the PCE plume to travel approximately 1,000 feet
from the monitoring well 317 location to the municipal well.

Clean up of the aquifer either by natural groundwater flow
or by pumping is an extended process dependent on the degree
of interaction between the aquifer and the contaminants.
Each time fresh water flows into a contaminated portion of
the aquifer, contaminants adsorbed onto the aquifer skeleton
desorb into the groundwater. The relative distribution of
the contaminant between the aquifer materials and the ground-
water is dependent on many factors.

The length of time for the contaminated plumes to move from
their present positions toward and past the municipal well
were estimated to be in excess of 20 years in the focused
feasibility study. Figure 3-6 from the FFS illustrates the
concentrations that were projected to be found at the munici-
pal well from the data available in April 1984. The addi-
tional data gathered since that time and presented in this
RI report has enabled a more clearly defined picture of the
extent, sources and levels of contamination to be developed.
Within the limits of the analysis Figure 3-6 demonstrates
that an extended period of time, in excess of 20 years, will
be necessary for the aquifer to return to near acceptable
levels of water quality under natural groundwater flow condi-
tions. Further analysing beyond what was accomplished in the
FFS will be presented in the feasibility study for the techni-
ques, costs, and procedures to artificially clean up the
aquifer in shorter time fei

3.4 ASSUMPTIONS AND LIMITATIONS

All concentration maps and cross sections are based on U.S.
EPA CLP and field (Photovac) data. The field data are assumed
to be equivalent to CLP data for the purposes of this report.
If both CLP and Photovac data were available for the same
sampling point, the CLP data were considered higher quality
and therefore used in the analysis. All conclusions, recom-
mendations, and estimates are drawn from a combination of
field and CLP data.

Several study limitations were defined during the remedial
investigation. Limitations identified during the RI follow:

o Although extensive soil borings were conducted in
the suspected source area of the TCE plume, no

3-10
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bori«d tank or
kl«»""or'no s*9tl«

Further work, including
sopiiysical ŝ U.' v oylifg
however, it is not

a^true source still
exists or not.

The location of the PCS source area is undefined.
Well No. 11 found relatively high concentrations
of PCE in the groundwater but it is not known if
this is the peak concentration or if higher concen-
trations further upgradient exist. Certainly moni-
toring of the wells should continue and consideration
should be given to additional field work to locate
the source of PCE.

The PCE found in soils near the B.J. Goodwin property
represent a potential future source of groundwater
contamination. Little or no PCE was found in the
monitoring wells in this vicinity. The assumption
is that either the PCE has not had sufficient time

jjir~ to move from the soil to the groundwater or it is
r&'P held firmly in the soils and is not moving. In
' either case, monitoring of the wells surrounding

B.J. Goodwin's is recommended.

o The hydraulic conductivity values determined during
the RI investigation were derived from procedures
that only test a small area immediately surrounding
each well. If pumping schemes for aquifer clean *?
up or more accurate predictions of contaminant ' ^^
movement are considered more detailed, extensive /£'CT"-S.
tests to 4*rive aquif«r parameters are needed.

3.5 CONCLUDING STATEMENT - -

The remedial investigation established the extent of TCE
contamination in the aquifer supplying water to the city of
Charlevoix's municipal well. A plume of PCE was also identi-
fied and reasonable limits for this plume inferred. The
rate of movement of each of these plumes is estimated to be
between $.13 and 1.12 ft/day. No discrete sources for either
TCE or PCE were found. Peak concentrations of TCE are expected
to be encountered at the Charlevoix municipal well within A/?' »\
the next 3 to 6 years. The presence of PCE is expected to / ''
be found ~̂ n the well within the next 1 to 2 years with the t'
peak concentration occurring ir* excess of 6 years from the /Q
present. The estimated time for the aquifer to naturally
flush the contaminants out of the aquifer is in excess of
20 years and based on the analysis from the FFS may exceed
50 years.

GLT441/94
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MEMORANDUM DRAFT

TO: Joel Balmat

FROM: Bruce Cutright, Site Project Manager

DATE: February 7, 1984

RE: Task 2.2 Summary Memorandum
Charlevoix, Michigan RI/FS Source Identification
Monitoring Well Installation

PROJECT: W65253.00

1. Timeframe: The drilling crew arrived onsite on Novem-
ber 29^1983, which completed assembly of the project team.
Site activities continued from that date through December
16, including Saturdays and Sundays. After concluding the

p drilling program, the first set of CLP samples was taken
1. during the period from December 20 to December 23, and pro-

cessed through special analytical services.

2. Program Participants; The following companies were
involved with the various site duties:

A. Supervision - Bruce Cutright, CH2M HILL
Rick Burke, SEG

B. Drilling Services - Paul Valine, CMC Associates,
Northville, Michigan

C. Hydrogeology - Ed Everett, Keck Consulting Ser-
vices, Williamston, Michigan

D. Technicians - Snell Environmental Group, Lansing,
Michigan and Keck Consulting Services,, Williams-
ton, Michigan

E. Photovac Operation (field analysis) - Don Woods,
Stacy Merrigan, Ecology and Environment, Chicago,
Illinois

F. Site Safety Officer - Ecology and Environment,
Chicago, Illinois

3. Work Performed; As called for in the work plan, twelve
screened auger borings were performed at the site, each to
approximately a depth of 100 feet except where drilling
could not be performed due to subsurface rocks. MonitorJ

0



MEMORANDUM to Joel BalA-mt DRAFT
Page 2
February 7, 1984
¥6525.00

wells were only installed in those borings where significant
contamination (above approximately 3 parts per billion TCE)
was obtained during field analysis. During the program, a
total of 6 monitor wells were installed in borings 201, 202,
206, 209, 210 and 212.

4. Summary of Results; The attached sketch shows the lo-
cations of the borings. The borings are numbered 201
through 212, in the sequence in which they were drilled.
The first three borings (201-203) were located to intercept
groundwater from previously suspected sources at the Newman
Street Dump and Art's Dry Cleaners. Field analysis during
the borings indicated that borings 201 and 202 had a low
level of contamination (10-15 ppb TCE), and boring 203 had
no TCE. Wells were located in borings 201 and 202 because
contamination was found and it provides some groundwater
elevation data in an area previously without a well.

Borings 204 and 205 are located upgradient of the suspected
sources at Art's Dry Cleaners and the Newman Street Dump to
attempt to determine if the source of contamination was pos-
sibly upgradient of the Newman Street Dump and Art's Dry
Cleaners. Both of these borings indicated 0-1 TCE, and no
wells were set in this area. Boring 206 was planned at the
beach area near Lake Michigan to determine if the ground-
water was moving up into the city well from lower eleva-
tions, or was moving in the shallow groundwater. Boring 202
showed the suspected higher levels of TCE (200-300 ppb).
Concentrations were higher in the shallower elevations of
the aquifer.

Throughout the program, selected existing monitor wells had
been sampled for analysis and generally showed l^w levels of
contamination. While drilling boring 207, samples were taken
from monitor well number 4 which had previously been unsam-
pled. Concentrations in monitor well number 4 were found to
be in the 200 ppb TCE range. Boring 207 was located in the
Newman Street Dump to attempt to locate the minor source of
contamination appearing downgradient at borings 201-203, but
the TCE concentrations found (6 ppb) did not justify setting
a well when two other wells (T5 and T6) were in the immediate
area.

The remainder of the drilling program focussed on trying to
identify or bracket the source of contamination producing
high TCE levels in monitor well number 4. Borings 208
through 211 showed concentrations of TCE in the 1-5 ppb
range. The last boring, 212, was located to try to better
define the plume and confirm the results of monitor well
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MEMORANDUM to Joel Balmat DRAFT
Page 3
February 7, 1984
W6525.00

number 4. This boring exceeded 500 ppb TCE in the upper 25
feet of the aquifer, and then declined. A monitor well was
installed in this boring. Wells were installed in 209 and
210 for future sampling and elevation data.

This concluded the allotted number of screened auger borings
and the crew completed work at the site and departed. Site
activities in the next phase of operations (Source Qualifi-
cation) must be reviewed and possibly redefined in light of
the findings of the screened auger program. It may be bene-
ficial to install some additional screened auger borings
and/or wells to define the source of the contaminated
groundwater.

GLT433/33
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CHAKLKVOIX MUNICIPAL WELL RI/FS
TASK DRAFT TECHNICAL MEMORANDUM

TO: Jack Kratzmeyer, Regional Site Project Officer,
EPA Region V

FROM: Bruce Cutright, CH2M HILL, Project Manager
Rick Burke, Snell Environmental Group, Inc.
Ed Everett, Keck Consulting Services

DATE: April 9, 1984

SUBJECT: Charlevoix, Michigan Remedial Investigation
Task 2 - Source Identification Program

JOB NO: W65253.00

INTRODUCTION

The Source Identification Task consists of three major activ-
ities: a monitoring well installation program; field hydraulic
conductivity testing; and groundwater sampling and level
monitoring. The monitoring well drilling program and the
groundwater samples for CLP analysis were collected on December
20 and 21, 1983. Hydraulic conductivity testing is scheduled
for early April, 1984. The second round of monitoring well
sampling and level monitoring will be scheduled if authorized
by EPA. Results from those activities will be issued in an
addendum to the Task 2 Technical Memorandum.

The work activities herein were performed in partial satis-
faction of BOA SC-5-023, Work Assignment No. 46-5L83.0, RI
Task 2.

1.0 MONITOR WELL INSTALLATION

1.1 Purpose

The purpose of installing the monitoring wells was to attempt
to determine the source (si oi the TCI .Contamination found in
the municipal wells, define the vertical and horizontal extent
of contamination in the shallow aquifer, and determine the
groundwater flow pattern.

1.2 Scope

The work plan called for approximately 12 bcrings/wells to
be installed during the source identification task. The
wells were to be drilled to roughly 100 feet with groundwater
samples collected at 10-foot intervals, starting a minimum
of 5 feet below saturation. Samples were to be analyzed
onsite for TCE and PCE with a field G.C. unit (Photovac).
The monitoring wells were to be installed in the zone that
showed the greatest concentration of TCE. At locations where
no TCE was found, wells were only installed if groundwater
elevations were needed.

GLT441/27
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1.3 Personnel

The project tea* Included personnel fron Snell Environmental Group, Inc.
(SEG). Keck Consulting Services, Inc. (KCS), Ecology and Environment (E&E) ,
GMC Associates, and CH2N-H111. The Initial site personnel Included:

SEG - R1ck Burke GMC Associates - Paul Velln
Robert Hunt Harslt Sidhu

Dean Schultz
JCCS - Ed Everett

Mark Dunham CH2M-H111 - Bruce Cutright

E&E - Don Woods

Mr. Larry Levlngood, Regional Department of Public Health, visited the site
frequently to observe the progress of the project. Mr. T. Eftaxiadus, Michigan
Department of Natural Resources, visited the site on December 7 and 8, 1983
to observe the work being done. On December 8, Mr. Larry Froebe (E&E) was
assigned to the project as site safety off icer.

1.4 General Procedure

The locations of all borings and wells drilled during this phase of the field
work are shown in Figure 1. The well labeling sequence is as fol lows:

001 - Wel l s installed by the TAT team, previously labeled 1, 2, etc.

101 - We l l s installed by City of Char levoix, previously labeled Tl, etc.

201 - W e l l s installed under this Remedial Investigation Contract.

The initial three boring sites (201, 202 and 203) were planned to bisect
a plume that would have been generated from the previously suspected sources
( A r t ' s Orycleaners, Newman Street Dump). Additional sites were selected
by the si te hydrooeologist to either demonstrate contribution to the plume
or to discount the potential source as a contributor to the plume. Prior
to drilling the sites, each location was staked, the property owner or resident
was notified (all sites were located within the City right-of-way) and c learance
was obtained from Miss Dig.

The boreholes were drilled with 3-1/4-inch I.D. hol low stem augers with the
lead auger a screened auger (center 2 feet of auger core constructed of
well screen). Auger cuttings were examined by the drill ing crew and the site
hydrogeologist to detenaine the glacial stratigraphy. Groundwater samples
were collected at 10-foot Intervals starting between 5 and 10 feet below
saturation. The procedure for sampling was as follows:

1. the augers were air developed at the selected interval to clean
f1ne-gra1ned sediments from the augers and screened section;

2. a minimum of 5 casing (auger core) volumes of water were then pumped
from the augers with the Keck SP-81 sampling pump at a rate of
approximately 1 SPM;
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3. a bailer was used to remove approximately one additional gallon
of water and collect the sample;

4. samples were taken in VGA vials and transported to the motel where
E&E personnel were analyzing the samples for TCE and PCE with Photovac
equipment; and,

5. the air hose, sampling pump and bailer were then decontaminated
with TSP solution and a clean water rinse.

Monitoring wells were Installed 1n the boreholes where contaminants were
present or at locations where water level data was needed for contouring
the groundwater surface. The nftlls were of PVC construction with 10 feet
of PVC 16 slot well screen set 1n the zone of highest contamination. The
annular space of the borehole «s grouted with a heavy bentonite slurry
(1 pound bentonite/gallon of mter) placed from the water table to the surface.
A steel well guard with a hinged locking cover was installed over the wel ls
and a cement seal placed around the guard. The wel ls were air developed
after completion.

The drill rig, augers and tools were steam cleaned between each boring.

1.5 Field Work Chronology

Table 1 summarizes the samples col lected, level of protection used and the
results from onsite testing. Well and boring locations are shown on Figure 1.

N o v e m b e r 29. 1983. Tuesday

GMC, Inc. personnel arrived at the locat ion (#201) at 1500 hours and rigged
up. Ons i te personnel included:

SEG KCb CH2M-HJ11 GMC

R. Burke E. Everett B. Cutright P. Levin
R. Hunt M. Dunhair H. Sidhu

D. Schultz

V is i to rs

L. Levingood - Regional Health Department
K. Staley - Property Owner, Mayor of Char levo ix
D. Barren - TV 7&4, WPBN, Traverse City

Because of the late start, drilling proceedec to the water table (approxi-
mately 36 feet) and was stopped for the day. Th? aucers were left in the
borehole ready to proceed on the foU owing day.

-3-
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November 30, 1983. Wednesday

Onsite personnel Included the following:

SEG KCS Ji£ GMC

R. Burke E. Everett D. Woods P. Levin
R. Hunt M. Dunham H. Sidhu

Visi tors

S. Baker - Resident
K. Staley
L. Levingood
E. WhHley - City Department of Public Works

We were notified that morning that during shutdown on November 29, D. Schultz
had broken his ankle while attempting to disconnect the air compressor from
the truck. GMC called their off ice and requested a replacement.

Weather conditions were cool (approximately 30°F) with strong winds (approxi-
mately 60 mph) and occasional snow.

Drilling did not start until 1320 hours due to equipment problems. The bottom
plug of the augers was lost at 46 feet and the augers had to be pulled to
replace the plug. Drilled to 43 feet and attetrnted to collect samples from
39 to 41 feet. Much sand and gravel was broughi out of the hole during develop-
ment and a check of the depth indicated more than 3 feet of sand and gravel
in the augers. Had to pull augers and grout hole. Planned to move rig approxi-
mately 10 feet to start new hole fol lowing day.

December 1, 1983. Thursday

Site personnel included tte aforementioned personnel , plus S. Merrigan ( E & E
replacement for D. Woods) and N. Petel (GMC replacement for helper).

The weather was cool (29°F) , windy (10-20 mph) with light snow.

Groundwater samples were collected at 40 and 50 feet. Samples were not obtained
at 60 and 70 feet because of fine-grained (silty and very fine sand) nature
of the materials. At 86 feet, cobbles were encountered and the hole stopped.
Measuring the depth inside the augers indicated that there was 5 to 6 feet
of sediment inside the augers. Pulled augers back to 83 feet and washed
sand from the auger core. Attempted tc develop this 80-foot interval; very
little water was produced. The augers were pulled back to 73 feet and the
casing set through augers. The casing was pushed through the auger plug
with an AW rod. Whi le pulling the rod, it was dropped approximately 10 feet.
The casing was left 1n the ground and the augers pulled. Shut down for the
night.

-4-
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December 2. 1983. Friday

The site personnel remained the same except that J. Plncumbe replaced
M. Dunham for KCS.

The weather was cool (approximately 24°F) with snow.

The drilling crew pulled casing back to 62 feet, and attempted to develop.
No water was being produced so the casing was pulled back to 42 feet and
again, no water was produced. Checking the depth Indicated that the casing
had several feet of sand. The casing was pulled from the hole. The screen
had been broken off when the AW rod was dropped. The hole was redrllled
to 53 feet and a well set to 52 feet. The hole was grouted, a well guard
Installed and the well developed.

E. Everett called a meeting of the drilling crew to express concern over
work proceedings to date. GMC was requested to provide an additional person
and treating equipment to prevent freezing problems encountered to date.

December 3, 1983. Saturday

Site personnel remained the same except that D. Marion replaced N. Pete!
for GMC. S. Baker, property owner, visi ted the site frequently during the
day.

The weather was overcast and cool (approximately 29°F) with 10 mph winds
from the northwest.

The drilling rig was set at location #202 at 1430 after problems with c lean- ; g
equipment. The hole was drilled to 48 feet before stopping for the day.
Samples had been collected at 35 and 45 feet.

December 4, 1983. Sunday

The site personnel were the same as above with S. Baker, property owner,
visit ing the site frequently.

The weather was partly cloudy, and cool ( 23 °F ) , with light winds.

Drilling started at 0820. The drilling proceeded to 91 feet after clay
was first detected at 87 feet. Groundwater samples were col lected at 55
feet, 65 feet, 75 feet and 85 feet. TCE was detected at low concentrat ions
with 20 ppb found at 65 feet. The rig broke down at 91 feet and the augers
had to be straight pulled back to 70 feet. The well was installed through
the augers at this depth. The final well setting was 68 feet. After pulling
the remaining augers, the hole was grouted from 29 feet to the surface.
The well developed clean after air surging for 1 hour.
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December 5. 1983. Monday

The site personnel Included all previously mentioned people plus J. Simmer,
GMC, and R. Day (replacement for R. Hunt, SEG).

M. Conway from TV 29 visited the site and filmed the drilling.

The weather was cool (30°F) with westerly winds and light snow.

The drill rig was set up at location 1203 and drilling started at 1215.
Saturation was detected at 28 feet below ground level. Groundwater samples
were collected at 35, 45, 55, 65, 75, and 85 feet. No TCE was detected in
any of the samples and there were only trace amounts of PCE found. The hole
was stopped at 88 feet because no significant contamination had been found.
A well was not set 1n this boring and the borehole was plugged with bentonite
grout.

Because some of the QA samples were showing some organic carryover from the
acetone, it was decided by SEG, KCS and E&E to discontinue using the acetone
and do the decontamination with TSP solution and clean water.

Based on the results of the samples from sites #201, #202 and 1203, it was
decided that the next two borings and wells would be drilled upgradient of
the Newman Street Dump and the old hospital building to confirm that no con-
tamination was coming from upgradient at these potential sources. The sites
had been cleared by Miss Dig during the initial site clearing. Locations
were staked and residents notified by E. Everett.

December 6. 1983. Tuesday

Ons i te personnel included:

SEG CCS * GMC

R. Day E. Everett S. Merrigar, D. Marion
M. ?u"h»- J. Simmer

H. Sidhu
P. Levin
D. Gayan

The drilling commenced at 1100 hours at site #204. Saturation was detected
at 50 feet. Samples were collected at 55 and 65 feet. A sample was attempted
at 75 feet, however, silt as encountered and very litt'ie water was recharging
to the augers. Clay was encountered at 81 feet and continued to 98 feet
where the hole was stopped. No contamination was 'ound, so no well was set
1n the borehole. The borehc"e wa: grouted <«ith bentonite from 48 feet to
the surface.

December 7, 1983. Wednesday

Site personnel were the same as the previous day. T. Eftaxiadus, MDNR, visited
the site during the day as an observer.

The weather was cold (18°F) with 30 to 40 mph westerly winds.
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The rig MS set up at location 1205 at 0900. The plug broke out of the bottom
of the augers at 45 feet, so the augers had to be pulled and a new plug installed,
Saturation was detected at 50 feet. Groundwater samples were collected at
60, 70, 80 and 90 feet. All zones produced high volumes of water during
development. There was no contamination detected In any of the samples.
No well was set and the borehole was grouted from 48 feet to the surface
with bentonite slurry grout.

It was decided by SEG and KCS to redrlll well 1201 because of the problems
encountered during the first efforts at that location in sampling at depths
greater than 50 feet. Clearances for additional sites on Clinton Street,
State Street and near the pumphouse were called to Miss Dig and assurance
for clearing by 12/9 was received.

December 8, 1983. Thursday

Site personnel changed somewhat on this date. J. Pincumbe returned to replace
M. Dunham (KCS) , J. Sheahan replaced E. Everett ( K C S ) , and Larry Froebe was
assigned to the project as site safety officer. T. Eftaxiadus from MDNR
visited the site as an observer.

The weather was cold (20°F), windy with snow flurries.

The drill was set up at 0900 to start hole #201a (redrill of site #201).
The hole was planned for straight drilling (no screened auger samples col lected
during drilling). The hole was drilled to 92.5 feet. Several attempts were
made to set a well through the augers. After being unsuccessful, the augers
were pulled and work stopped.

A groundwater sample was col lected from well #4. The analyses showed 330 ppb
TCE. Because this was significantly different than the low levels reported
by KDNR, it was decided that the well should be resampled on December 9.

December 9, 1983

The site personne l *as the same as December 8 a f te r changes were made (as
noted above) .

The weather was cold (20°F) , cloudy and windy (up to 20 mph).

The rig and equipment were still set up over hole #201a. The hole was redrilled
to 87.5 feet and several attempts were made to sample through the screened
auger. Sampling was not successful which confirmed that the original data
collected at this site was accurate and that the forEavcr. encountered at
depth would not yield sufficient quantities of water to warrant a deep well
or additional sampling attempts. The augers were pulled and the hole grouted.

A groundwater sample was collected again from well 14. The results showed
109 ppb TCE, which was stm significantly higher than reported by MDNR.
Because of this high concentration, additional drill sites were planned up-
gradient and downgradlent of this well.
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i December 10. 1983. Saturday

Site personnel remained the same as previous day.

Weather conditions were cold (20°F), cloudy with light winds.

The drill rig was set up at site 1206 south of the pumphouse at 1015 after
problems getting the rig started were solved. The hole was drilled to a
total depth of 93 feet. Groundwater samples were collected at 20, 30, 40,
50, 60, 70, and 80 feet. A sample was not obtained at 90 feet due to clay
being encountered at that depth. All groundwater samples showed TCE contamina-
tion with the highest concentrations being 1n the zone from 20 to 40 feet.
A well was Installed with the screened Interval being 25 to 35 feet. The
well was air developed after Installation.

December II, 1983, Sunday

Site personnel remained the same as previous day except that R. Day was replaced
by R. Hunt (SEG) .

Weather conditions were cold (20°F) with winds up to 15 mph from the east.
Snow occurred later 1n the day.

The rig was set up at site 1207 (Newman Street Dump) at 1200. The hole was
drilled to a total depth of 78 feet with saturation detected at 31 feet.
Clay was encountered at 64 feet. Groundwater samples were collected at 41,
51, and 61 feet. The sample at 41 feet showed 6.7 ppb TCE whi le none was
detected in the deeper samples. Because there were already wel ls at this
locat ion, a well was not set^in this borehole. After pulling the augers,
the hole was grouted with a bentonite slurry from 26 feet to the surface.

December 12, 1983, Monday

Personnel onsite were the same as on previous days.

The weather was cool (32°F) wi th heavy overcast.

The drill rig was set up and drilling started at 0850 at location #208 which
was in the center of the block between State and Grant Streets on the south
side of Mason Street. Saturation was detected at approximately 27 feet.
Groundwater samples were taken at 30, 40, 50, 60, and 90 feet. Samples were
not taken at 70 and 80 feet due to the fine-grained material (sandy c lay
and fine sand and silt) encountered. The samples col lected from the upper
part of the aquifer showed very low leve ls (2.4-4.4 ppb) TCE and just a trace
of PCE. The deep sample (90 feet) showed no TCE and just, a trace of PCE.
Because of the low concentrations of contaminants, a well was not set in
this boring. Having encountered a relatively impermeable layer between 69
feet and approximately 80 feet, the hole was grouted from 77 feet to approximately
60 feet. The hole was also grouted from 27 feet to the surface.
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December 13. 1983. Tuesday

The site personnel were the same as previous days.

The weather was cool (30°F), overcast wi th l i g h t winds .

The dr i l l rig was set up at location #209 (southeast corner of State and
Mason Streets) at 0845. Saturation was detected at approximately 29 feet.
Samples were collected at 30 and 40 feet and then the auger p l u g was lost .
The augers were pu l l ed , plug replaced and the hole redri l led. Samples were
collected at 50 and 60 feet. Clay was encountered at approximately 71 feet
and no further samples were collected. The sample results showed TCE concen-
trat ions to be very low (2 ppb or less); however, PCE leve ls 1n a l l samples
were reported to be greater then 100 ppb. A well was set to 48 feet wi th
the screened section between 38 and 48 feet. The hole was grouted from 28
feet to the surface. A well gaard was Ins ta l l ed and the well a i r -developed.

December 14, 1983. Wednesday

The site personnel raeal^ed unchanged from previous days.

The weather was cool ( 2 7 ° F ) , heavy overcast w i th l i g h t w i n d s .

D r i l l i n g commenced at 0900 at site #210 located at the southwest corner of
the intersect ion of State Street and C l i n t o n Street. Saturat ion was detected
at 29 feet. Groundwater samples were col lected at 30, 40, 50, 60, 70, 80
and 90 feet. The hole was stopped at 93 feet. Very low or non-detectable con-
cent ra t ions of TCE were found in t h i s b o r i n g ; however , PCE was found in s i g n i -
f i c a n t concen t r a t i ons at a l l depths . The m o n i t o r i n g wel l was set to 48.5 feet
w i t h 10 feet of screen set from 38.5 to 48.5 feet. The boreho le was grouted
w i t h ben ton i t e scur ry grout 20 feet to the surface. The wel l was air deve loped
a f t e r i n s t a l l i ng the c a s i n g guard.

December 15. 1984. Thursday

Si te personnel remained unchanged from p r e v i o u s days .

The wea ther was cool ( 2 9 S F ' } , wi th l i g h t w i n d s and snow f l u r r i e s .

The d r i l l rig was set up at 0835 at s i te #211 w h i c h was on the west s ide
of State Street midway between C l i n t o n and Mason Streets. Sa tura t ion was
detected at approximate ly 30 feet. G r o u n d w a t e r samples were col lected at
35, 45, 55, 65, 75, and 85 feet. The hole was stopped at 87.5 feet. The
samples showed very l o w concentre. , ons (3 .0 ppb or less) T C E ; however, they
had s i g n i f i c a n t ( a l t h o u g h unquan t l f i ed ) concentrat ions of PCE. No well was
set 1n th i s bor ing because there were we l l s in e i ther d i rec t ion north (#210)
and south (#209) of this location. The hole was grouted w i th bentonite s l u r r y
from 27 feet to the surface.
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DrillIna was started at location 1212 (southwest corner of Clinton and Grant
Streets) at 1435. Saturation was detected at 31 feet. Groundwater samples
were collected at 35. 45, 55, 65, 75. and 85 feet. Very high levels of TCE
were detected from 35 to 65 feet with the maximum concentration being over
545 ppb at 55 feet. The concentrations decreased to a low of 7.5 ppb at
85 feet. The monitoring well was set to 61.5 feet with the screened interval
being 51.5 to 61.5 feet. The well was air-developed after installing the
well guard.

This was the last well drilled during this phase of the investigation. The
drilling crew cleaned the rig and left Charlevoix on December 16, 1983.

1.6 Data Summary From Field Hork

The analyses of groundwater samples collected during the field work are summarized
in Table 1 - Field Data Summary - Onsite Analysis. Drilling logs with notes
are in Appendix 1. Notes on the drilling logs were added by Ed Everett ( K C S ) .

2.0 GROUNDWATER SAMPLING AND LEVEL MEASUREMENT

2.1 Purpose

The purpose of the sampling effort was to gather data on trichloroethyl ene
(TCE) and perch! oroethyl ene (PCE) concentrations and groundwater levels
on all groundwater monitoring wells associated with the CharHevoix TCE contami-
nation site. The data collection and analysis by the Contract Laboratories
also served as a confirmation of previous field analytical data collected
during drilling operations. The scope and timing of this sampling activity
was determined by I'.S. EPA.

The scope of the first round of groundwater sampling at the Char levo ix si te
included the following samples:

A. twenty (20) groundwater monitor ing we l l s ;
B. three (3) duplicates;
C. two (2) field blanks;
D. one (1) rinse water sample;
E. one (1) sample from the MDNR f ish hatchery well.

One monitoring well (T3) could not be sampled because of prior damage to the
well casing, possibly caused by a vehicle.

Groundwater samples were refrigerated 1n the field and packed according
to EPA Contract Laboratory Program (CLP) Protocol. Samples were shipped
via Federal Express to the Contract Laboratory either on the day the samples
were collected, or the following day. All samples were for volatile organic
analysis and were shipped to California Analytical Laboratories, Sacramento,
California.
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2.3 Personnel

The sampling team Included the following Indiv iduals and firms:

SEG - R1ck Burke
Randy Day

KCS - Mark Dunham

2.4 Groundwater Sampling Procedure

2 .4 .1 Sampling Strategy

The decis ion was made to sample al l groundwater moni tor ing w e l l s associated
with the site since there had been no previous analysis by a Contract Laboratory,
The wel l samples include those Installed during the screened auger d r i l l i n g
program (200 series) as well as the previously ex i s t ing monitor ing w e l l s .
The analyses by the Contract Laboratory would a lso confirm previous f i e l d
analyt ica l results obtained during the wel l d r i l l i n g program.

2.4 .2 W e l l Sampling Equipment

A l l m o n i t o r i n g wel l s were purged u s i n g a Johnson-Keck Model SP-81 s t a in l e s s
steel s u b m e r s i b l e pump w i t h an EPDM stator. A 2-inch s ta inless steel ba i l e r
was used for t ak ing a l l m o n i t o r i n g wel l samples .

2 .4 .3 W e l l Depth and Water Surface Measurement

Before p u r g i n g each m o n i t o r i n g w e l l , the total dep th of the we l l and the
l o c a t i o n of the groundwater surface were measured and recorded. The total
dep th and water surface were both measured w i t h a f loat type e lec t r ica l
m e a s u r i n g device , s i m i l a r to those made by Keck Geophysical Ins t ruments .
The ins t rument cable was marked off in 5-foot increments , and the d i s t ance
from the nearest m a r k to the top of c a s i n g was hand measured w i t h a c l o t h
tape. A l l measurements were rrc.de frotr . tne t o p of the wel l c a s i n g p r i o r
to p u r g i n g , and sampling the w e l l .

The f loa t m e a s u r i n g device and c a b l e was decontaminated a f te r each use by
r i n s i n g in Char l evo ix Township water , d ry ing wi th a paper towel , and p l a c i n g
the assembly 1n front of the car heater ou t l e t between s a m p l i n g sites.
The u n i t was u s u a l l y complete ly dry by the t ime it was used a g a i n . T h i s
method of decontaminat ion was s u f f i c i e n t in that the w e l l s were purged ten
volumes prior to each samp'Mio and the sequence of measurements was p roceed ing
from less contaminated to ir . -e c o n t a m i n a t e d we l l s . The adequacy of t h i s
approach was confirmed by the ana ly t i ca l results of the groundwater samples .

2.4.4 Wei "i Purging

Each monitoring well was purged prior to t a k i n g the groundwater sample .
The volume of water in each wel l was ca lcu lated based on the total depth
of the wel l and the depth to water surface in 'the w e l l . The purge water
volume was then calculated at ten times the well water v o l u m e .



II
The pump was operated continuously off the vehicle battery with the vehicle
engine running for the required purging period. The pump was located near
the water surface level 1n the well during purging to Insure a complete
turnover of the water column during purging. The purge water was discharged
to the street.

2.4.5 Well Sampling

A stainless steel bailer was used for sampling all monitoring we l ls . The
specific procedure Involved balling the well once and discarding the contents
of the bailer. Then the bailer was placed in the well again, filled, and
the water was used to fill the VGA bottles. The VOA bottles were filled,
capped and checked for trapped bubbles. The sample from the MDNR f ish hatchery
well was collected directly Into VOA bottles from a hose bib on the discharge
side of the booster pump.

2 .4 .6 Decontamination

Decontamination procedures included steps to avoid contamination of the
sample and well, and to minimize carryover of contaminants from one well
to another. In summary, the steps used to minimize contamination were as
fo11ows:

A. Sample from the least to most contaminated wells based on ground-
water data developed during the drilling program.

B. Decontaminate the outside of all equipment used in the wel ls ,
particularly the sampling pump and bailer.

C. Use of decontamination wash and rinse solutions.

Solut ions were used 1n sequence to decontaminate the well sampling equipment.
Trisodium phosphate wash (1 cup of TSP per 30 gal lons) was used as a decon-
tamination so<uv . ion* T!r,':- s tep wsi f-1 lowed t-; a dean water rinse. All
of the water used in the decontamination an:, rinse solut ions was from Char levo i x
Township, which prior analys i? ..nowec was free of TCE and PCE.

The sample pump was decontaminated by pumping decon solution for f ive minutes
fol lowed by five minutes of pumping clean water rinse solution. No decon-
tamination solutions were recirculated. After passing through the pump,
both the decontamination solution and the rinse water were discharged to
the street.

The bailer *=<• washed in tne decontamination solution and rinsed in c lean
water. To present freezing, the bailer was left '-n the clean water rinse
between sampling locations.

During the day of December 21, 1983, when 15 groundwater wells were sampled,
nearly 200 gallons of water were used for decontamination and rinsing.
All of these solutions were discharged to the street after passing through
the pump or other decontamination use.
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2.5 Sampling Chronology

The following chronology summarizes the major act ivi t ies and events for
each day of groundwater sampling work at the Charlevoix site, December 20
through December 22, 1983.

December 20, 1983, Monday

The weather was clear with a low of below O'F, and a h i g h of 10-20°F, wi th
very l i t t le wind. Randy Day of Snell Environmental Group, and Mark Dunham,
of Keck Consult ing Services, met at the site on Monday m o r n i n g , obtained
decontamination water at Charlevoix Township, and began to sample the m o n i t o r i n g
wel ls . Vehicles on the site were a van and a 4-wheel d r ive truck. W e l l s
sampled on this day and the sampling are l isted be low:

Well No. Sample No.

1 CVX-GL-001-1

3 CVX-GL-003-1

7 CVX-GL-007-1

6 CVX-GL-006-1

11 CVX-GL-011-1

Progress d u r i n g th i s f i r s t day was less than a n t i c i p a t e d s i n c e a s i g n i f i c a n t
amount of time was lost when the 4-wheel d r i v e v e h i c l e was s t u c k when
t rying to reach W e l l No. 1. Snow depths were 16 to 20 inches. R i c k Burke
of Snell Envi ronmenta l Group a r r ived on the site as W e l l No. 11 was b e i n g
sampled . After comple t ing that wel l , we d iscussed how o p e r a t i o n s may become
more e f f i c i e n t and p roduc t ive d u r i n g the next work day. I t was decided
to operate bet:, grouncwat? ' purg-.r.c; puo»ps in tandem w h i l e a t h i r d member
of the crew wou ld proceed ahead and take wel l depths and l eve l measurements .
Th i s p l a n was put into act ion the f o l l o w i n g day.

December 21, 1983, Tuesday

The weather consisted of snow w i t h temperatures 10-20°F and an i n c r e a s i n g
wind throughout the day r i s i n g to 15 to 20 mph by l a t e a f t e rnoon . Decontamina-
t ion water obta ined at C h a r l e v e i * T o w n s h i p dnc ^ne f i r s t samples were taken
at approximately 8:30 on Tuesaay m o m l n c . The groundwaters t aken and the
order of sampling are as fo l lows:
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i Well No. Hell No.

2 CVX-GL-002-1
T6 CVX-6L-106-1
T5 CYX-GL-105-1
201 CVX-GL-201-1

CVX-GL-201-1D
202 CVX-GL-202-1
209 CVX-GL-209-1
210 CVX-GL-210-1

5 CVX-GL-005-1
8 CYX-GL-008-1

CVX-GL-008-1D
Tl • CVX-GL-101-1
T4 CVX-GL-104-1

MDNR Well (212) CVX-GL-213-1
T2 CVX-GL-102-1
206 CVX-GL-206-1

Rinse Water (280) CVX-GL-280-1
4 CVX-GL-004-1

212 CVX-GL-212-1
CVX-GL-212-1D

icate

The above samples Include a sample taken at the MDNR fish hatchery well
(sample Iabe1ed 213) which was obtained directly from a hose bib at the
discharge of the booster pump.

A sample of the rinse water was taken for analysis by the Contract Laboratory
af ter sampling the high concentration wells T2 and 206, and prior to sampling
the remaining two wells (4 and 212) which had known high concentrat ions
of TCE. Subsequent laboratory analyses found the rinse water to have 17 ppb
TCE, whi le the remaining two monitoring wel ls were both over 400 ppb TCE.

Sampling was completed on December 21, in spite of aga in gett ing the 4-wheel
dr ive veh ic le stuck while sampling well T4.

All of the samples from the December 20 work and some of the December 21
samples were shipped to the Contract Laboratory for analys is . Federal Express
picked up the samples at the motel room.

December 22. 1983. Wednesday

On Tuesday night and early Wednesday morning, paperwork was completed for
the remaining samples taken or, December 2±, and the cooler was packed for
shipment. Weather on this day was temperature of 10-20°F, with winds out
of the west at 25 to 45 mph. A winter storm was approaching. After completing
the paperwork, the samples were driven by Rick Burke to Traverse City, while
Randy Day and Mark Dunham returned directly to the Lansing area. The samples
were given to Federal Express 1n Traverse City, Michigan at approximately noon.
Roads were closed by the State Police in the Charlevoix area beginning at
2:00 P.M. Wednesday.
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S 2.6 Sample Documentation

A summary of the sample tracking documentation for the groundwater samples
1s given 1r, Table 2 - Sample Identification Matrix.

2.7 Data Summaries from CLP Analysis

The data obtained from the sampling effort for CLP analysis is presented
in the following tables. These tables will be evaluated in conjunction with
the analyses obtained during the field drilling effort in another section
of the Technical Memorandum.

Table 3 • Field Data Summary, First CLP Sampling

Table 4 - Summary of Organic Analysis

3.0 FIELD HYDRAULIC CONDUCTIVITY TESTING

The work for this subtask has not been completed due to dif f iculty getting
the appropriate equipment and adverse weather condit ions. The work is tenta-
t ively scheduled for the week of April 9, 1984.

All the "200" series wells will be tested and selected additional wel ls wil l
a l so be tested. We estimate that 10 to 12 we l l s will be tested.

These tests will be conducted as fo l lows:

1. Set pressure transducer into well approximately 20 feet below s ta t ic
water leve l . A l low the transducer to stabi l ize ( temperature) ,
then check the zero reading.

2. Put sealed tube into the well to d isp lace approximately one gal lon
of water (to be installed quickly) .

3. Start reading meter at selected time intervals until well reaches
original water level.

4. Rapidly pull tube from well.

5. Record well recovery at selected time intervals until wel l reaches
original stat ic water level.

6. All equipment will be cleaned between each borehole with TSP solu-
tion and a clean water rinse.

We anticipate that this testing will require 2 days of field work. Upon
completing the work, an addendum to this Technical Memorandum will be prepared
and submitted to CH2M-H111 and EPA.
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4.0 ANALYSES OF DATA

4.1 Geological Setting

The borings completed during this field work and other available data shows
that the upper 50 to 80 feet of glacial deposits consist of sand to sand and
gravel. At varying depths, finer grained soils ranging from sllty sands to
sllty clays, are encountered. The elevations of these less permeable materials
are not consistent, varying from a high of 537 feet msl (#209) to below 500
feet msl (1210). The variability of the geology is to be expected considering
the high energy deposltional and erosional glacial history of this area.

The depth to the water table varies with the changes in topography. Depth
to water on the highest elevations is approximately 50 feet, whereas near
the pumphouse the depth to water 1s only 11 feet below ground level.

Material encountered below the level of saturation varies significantly which
affects the permeability of the strata and consequently may alter local ground-
water flow. The ability to develop water through the screened auger used for
drilling allows some evaluation of the relative permeability of the different
strata. Many zones were producing more than 10 GPM during development.
We estimate that permeability of materials producing these quantities of
water to be 150 GPD/ft or greater. The silty sand deposits that were either
very difficult or Impractical to develop clean are estimated to have permea-
bilities of 50 GPD/ft* or less. Most formations will fall into the range
of 50 GPD/ft2 to 150 GPD/ft*.

4.2 Groundwater Flow Pattern

Water levels were measured in all wells during the sampling and level monitor
subtask. All water levels were measured to the nearest 0.01 foot relative
to the top of casings which have been surveyed to USGS Datum. The survey
data is attached as Table 3 - Field Data Summary, First CLP Sampling.

The water level elevations were plotted and the resultant contours are shown
on Figure ?, Groundwate- Contour Map.

The area in which this investigation was conducted is a peninsula that is
bounded on the northwest by Lake Michigan, on the north by the channel of
the Pine River and to the northeast by Round Lake. These bodies of water
are interconnected and have close to the same elevation which is approximately
580 feet mean surface level (msl). The groundwater flow appears to be divided
between these surface water bodies while generally flowing north into the
study area. The dividing line for splitting flow between Round Lake to the
east and Lake Michigan to the west appears to be just west of State Street.

Using the permeability ranges indicated fn Section 4.1, we can estimate flow
rates for the permeable zones. Estimated flow rates, assuming gradient of
.005 ft/ft, are listed below:

Permeability Flow Rate

50 GPD/ft* approx. 0.17 ft/day
100 GPD/ft£ approx. 0.33 ft/day
150 GPD/ft* approx. 0.50 ft/day
200 GPD/ft* approx. 0.66 ft/day
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*.3 Ground water Quality

Results from the ground water sampling have been plotted on maps of the area
to show aerial distribution of the contamination. CLP and field results
for TCE are shown on Figure 3. Figure 4 shows the PCE results obtained from
the CLP analyses. Results below a detection l i m i t of .5 ppb are not shown
on the figures.

H i g h levels of TCE were found 1n wel ls 1102 (405 p p b ) , 1205 {230 p p b ) , #212
(730 p p b ) , and 14 (480 ppb) . All other wel ls sampled show some TCE contamina-
t i on , a l though most concentrations are very low — less than 10 ppb except
in well #201 (14 ppb). This contamination is apparently centered in a narrow
plume that extends from the mun ic ipa l w e l l , up Cl in ton Street area to just
east of Grant Street.

H i g h l eve l s of PCE were found 1n wel ls 111 (340 p p b ) , 1209 (130 p p b ) , #212
(110 p p b ) , and #206 (54 ppb). Most other we l l s sampled show low l eve l s of
PCE (gene ra l ly less than 10 ppb). Unt i l th is con tamina t ion reaches the area
of w e l l s #4 and #212, it does not c o i n c i d e wi th the h i g h l eve l s of TCE found .

The source of the PCE and TCE con tamina t ion are apparen t ly separated based
on where the highest l eve l s of contaminants are f i r s t noted (PCE in wel l
111, and TCE in wel l 14).

C o m p a r i n g the groundwater contours and resul tant flow d i rec t ions , i t appears
tha t the source of the TCE con tamina t ion is w i t h i n the b lock south of C l i n t o n
Street , nor th of Mason Street, east of Grant Street and west of State Street.
W e l l s on the east and south sides of th i s b l o c k indica te that on ly l o w concen-
t r a t ions of TCE are enter ing th i s area from these d i rec t ions . It is p o s s i b l e
tha t the source cou ld be south of th i s b l o c k and the p l u m e has passed between
e x i s t i n g test l o c a t i o n s ; however , the source w o u l d have to be close to Mason
Street , otherwise i t 1s l i k e l y that la te ra l d i spe r s ion w o u l d have caused
greater impact at one of the test l oca t ions .

T h e m u n i c i p a l w e l t is c r e a t i n g a n a r t i f i c i a l groundwater d i s c h a r g e w h i c h
draws g r o u n d w a t e r from the impacted area west of State Street toward it .
T h i s m u n i c i p a l wel l w i l l con t inue to d r a w c o n t a m i n a t i o n toward i t u n t i l i t
is shut down or the plume has been purged through th i s w e l l . Even c o n s i d e r i n g
the h i g h e s t rate of groundwater f low (0.66 feet per d a y ) , TCE w i l l impact
t h i s w e l l for a m i n i m u m of 4 years a s suming that the c o n t a m i n a t i o n moves
d i r e c t l y w i t h the groundwater . Cons ide r ing that the average f low rate is
p robab ly lower than the 0.66 f t /day , and that some a t t e n u a t i o n and release
of c o n t a m i n a n t s w i l l occur in the so i l s , the problem w i l l persist for m a n y
years. The PCf c o n t a m i n a t i o n , w h i c h is f u r t h e r xc the southeast than the
T C E , w i l l impact the m u n i c i p a l wel l for an even longer period of t ime.
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TABU 1

FIELD DATA SUMMARY
CHARLEVOIX. MICHIGAN REMEDIAL INVESTIGATION

SOURCE IDENTIFICATION TASK
ONSITE ANALYSIS

Well
No.

201

201
201

201

5
2

201
201

T5
T5
T6
T6

202
202

202
202
202
202
202
202

203
203
203
203
203
203
203

202 .

204
204
204

Date
Sampled

11/30/83

12/01/83
12/01/83

12/01/83

12/02/83
12/02/83

12/03/83
12/03/83

12/03/83
12/03/83
12/03/83
12/03/83

12/03/83
12/03/83

12/04/83
12/04/83
12/04/83
12/04/83
12/04/83
12/04/83

12/05/83
12/05/83
12/05/83
12/05/83
12/05/83
12/05/83
12/05/83

12/06/83

12/06/83
12/06/83
12/06/83

Sample
No.

CVX-GF-201-RB1

CVX-GF-201-040
CYX-GF-201-050

CVX-SF-201-01

CVX-GF-005-12-2
CVX-GF-002-12-2

CVX-GF-201-052
CVX-GF-201-052

CVX-GF-105-12-3
CVX-GF-105-12-3
CVX-GF-106-12-3
CVX-GF-106-12-3

CVX-GF-202-035
CVX-GF-202-045

cvx-ar-202-050
CVX-GF-202-065
CVX-GF-202-065
CVX-GF-202-075
CVX-GF-202-085
CVX-GF-202-085

CVX-GF-203-035
CVX-GF-203-RB1
CVX-GF-203-045
CVX-GF-2Q3-055
CVX-GF-203-065
CVX-GF-2 03-075
CVX-GF-203-085

CVX-GF-202-12-6

CYX-GF-204-RB1
CYX-GF-204-055
CVX-GF-204-065

Level of
Protection

D

D
D

D

D
D

D
D

D
D
D
D

D
D

D
D
D
D
D
D

D
D
D
D
D
D
D

D

D
D
D

Sample*
Boring
Depth

Rinse Water

40'
50'

Unknown

_._

—

52'
52'

...

...

...

35'
45'

50'
65'
65'
75'
85'
85'

35'
Rinse Water

£5'
55'
65'
75'
85'

—
Rinse Water

55'
65'

TCE
(ppb)

No
Peaks

11
9

Back-
ground

2.5
None

10.4
25.0

22.5
17.0
2.0
2.0

5.2
9.C

6.5
15.0
20.0
3.0

< 1.0
< 2.0

None
None
None
None
None
None

< 1.0

5.5

< 1.0
0.9
1.4

Notes

Clean water
rinsing

Soil sample

before

with auger
at 72'; HNU reading
only

§40 ppb PCE;
with pump

Sampled with

Sampled with

Sampled with

Sampled with
Sampled with

Soil sample
Sampled with

PCE present
Dirty
PCE present
PCE present
PCE present
PCE present
PCE present

Clean

sampled

pump

pump

pump

pump
bailer

with auger
bailer

T-la
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W e l l

I No*
8

L 205
205

r 205
205

L 205

F 4
L Tl

T2

C 4

4

206
206
206
206
2C6
206
206t .

3

3

11
,

11

11

P 207
1 . 207

207

206

208
208

Date
Sam pi ed

12/07/83

12/07/83
12/07/83
12/07/83
12/07/83
12/07/83

12/08/83
12/08/83
12/08/83

12/09/83

12/10/83

12/10/83
12/10/82
12/10/83
12/10/83
12/10/83
12/10/83
12/10/83

12/11/83

12/11/83

12/11/83

12/11/83

12/11/83

12/11/83
12/11/83
12/11/83

12/12/83

12/12/83
12/12/83

TABLE 1
FIELD DATA SUMMARY

CHARLEVOIX, MICHIGAN REMEDIAL INVESTIGATION
SOURCE IDENTIFICATION TASK

ONSITE ANALYSIS

Sample Level of Srfir TCE

No. Protection Depth ^ p p b ^ Notes

CVX-GF-008-12-7 D — 33

CVX-GF-205-060 D 60' None
CVX-GF-205-070 D 70' None
CVX-GF-205-080 D 80' None
CVX-GF-205-090 D 90' None
CVX-GF-205-RB1 D R i n s e Water < 1.0 C l e a n

CVX-GF-004-12-8 D — 330
CVX-GF-101-12-8 D — 1.7
CVX-CF-102-12-8 D — 229

CVX-GF-004-12-9 D — 109

CVX-GF-004-12-10 D — 182

CVX-GF-206-020 D 20 ' 286
CVX-GF-206-030 D 30' 364
CVX-GF-206-040 D 40' 264
CVX-GF-206-050 D 50' 152
CVX-GF-206-060 D 60' 71
CVX-GF-206-070 D 70 ' 107
CVX-GF-206-080 D 80' 36

CVX-GF-003-12-11 D — - < 1.0
-1

CVX-GF-003-12-13 D — < 2.0
-2

CVX-GF-Oll-12-r. 0 — 19.0 P C E - H v a c . 5 C a s i n g V o l .

CVX-GF-Oll -12- i l D — 3.0 P C E - E v a c . 10 C a s i n g V o l
-2

CVX-GF-011-12-11 D — - 3 .C P C E - E v a c . 20 C a s i n g Vol

CVX-GF-207-041 D 41' 6.7
CVX-GF-207-051 D 51' < 1.0
CVX-GF-207-061 D 61' < 1.0

CVX-GF-206-12-2 D — 300

CVX-GF-2 08-030 D 30' 2.4 PCE present
CVX-GF-208-040 D 40' 3.3 PCE present

T-lb
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TABLE 1
FIELD DATA SUMMARY

CHARLEVOIX. MICHIGAN REMEDIAL INVESTIGATION
SOURCE IDENTIFICATION TASK

OHSITE ANALYSIS

0

Well
No.

209
209
209
Ort rt209
209

209

210
210
210
210
210
210
210
210

T4

211
211
211
211
211
211
211

212
212
212
212
-l T A
C. LL

212

Date
Sampled

12/13/83
12/13/83
12/13/83
1 ̂  / 1 ̂  / O O12/13/83
12/13/83

12/14/83

12/14/83
12/14/83
12/14/83
12/14/83
12/14/83
12/14/83
12/14/83
12/14/83

12/14/83

12/15/83
12/15/83
12/15/83
12/15/83
12/15/83
12/15/83
12/15/83

12/15/83
12/15/83
12/15/83
12/15/83
12/15/83
12/15/83

Sample
No.

CVX-GF-209-RB1
CVX-GF-209-030
CVX-GF-209-040
r*u v r*c *5 AO rtc nCVA-Gr-Z 09-050
CYX-SF-209-060

CVX-GF-209-12-14

CVX-GF-210-RB1
CVX-GF-2 10-030
CVX-GF-210-040
CVX-GF-210-050
CYX-GF-210-060
CVX-GF-210-070
CVX-GF-210-080
CVX-GF-210-090

CVX-GF-104-12-14

CVX-GF-211-RB1
CVX-GF-211-035
CVX-GF-211-045
CVX-GF-211-055 '
CVX-GF-211-065
CVX-GF-211-075
CYX-GF-211-085

CVX-GF-212-035
CVX-GF-212-045
CVX-GF-212-OF5
CVX-GF-212-065
CVX-GF-212-075
CVX-GF-212-085

Level of
Protection

D
D
D

D

D

D
D
D
D
D
D
D
D

D

D
D
D
D
D
D
D

D
D
D
u

D
D

Sara pi e*
Boring
Depth

Rinse Water
30'
40'
c n t50
60'

...

Rinse Water
30'
40'
50'
60'
70'
80'
90'

—
Rinse Water

35'
45'
55'
65'
75'
85'

35'
45'
55'
6b'
75'
85'

TCE
(ppb)

< 1.0
< 1.0
2.0C

< « rt *̂**2.0
< 1.0

1.5

< 1.0
< 1.0
2.0
2.1
5.0
2.5
1.5
1.5

< 1.0

None
3.0
3.2
3.0
2.3
1.8
1.8

458
475

> 545
270
50
7.5

Notes

_P_£E__p_resent
97100 ppDPCEj^)
TCE ui eient — •
PCE present

PCE present, well
sampl e

Clean
P100 ppb PCE
PCE present
PCE present
PCE present
PCE present
PCE present
PCE present

Clean
PCE present
PCE present
PCE present
PCE present
PCE present
PCE present

* Where no depth 1s noted, sampling was from
monitoring wells, see "First CLP Sampling"

Notes:

a set monitoring well.
table.

For depths of

1. All samples taken with bailer after evacuation with pump unless otherwise noted
2. RB is Rinse Water sample.
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TABLE 2

SAMPLE IDENTIFICATION MATRIX
CHARLEVOIX. MICHIGAN

SOURCE IDENTIFICATION TASK
FIRST CLP SAMPLING

Laboratory Service - California Analytical Lab

Sample
No.

CVX-GL-001-1
CVX-GL-002-1
CVX-GL-003-1
CVX-GL-004-1
CVX-GL-005-1
CVX-GL -006-1
CVX-GL-007-1
CVX-GL-008-1
CVX-GL-008-1D
CVX-GL-011-1

1 CVX-GL-101-1
CVX-GL-102-1
r u v _ r | i rn_iO V A — O L — lUO-i

CVX-GL-104-1
CVX-GL-105-1
CVX-GL-106-1
CVX-GL-201-1
CVX-GL-201-1D
CVX-GL-202-1
CVX-GL-206-1
CVX-GL-209-1
CVX-GL-210-1
CVX-GL-212-1
CVX-GL-212-1D
CVX-6L-213-1
CVX-GL -280-1
CVX-GL-291-1
CVX-GL-293-1

Date
Sampled

• 12/20/83
12/21/83
12/20/83
12/21/83
12/21/83
12/20/83
12/20/83
12/21/83
12/21/83
12/20/83
12/21/83
12/21/83

12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83

Date
Shipped

12/21/83
12/22/83
12/21/83
12/22/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/22/83

12/22/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/22/83
12/21/83
12/21/83
12/22/83
12/22/83
12/22/83
12/22/83
12/22/83
12/22/83

i

A i r b i l l
No.

454603155
454603166
454603155
454603166
454603155
454603155
454603155
454603155
454603155
454603155
454603155
454603166

454603166
454603155
454603155
454603155
454603155
454603155
454603166
454603155
454603155
454603166
454603166
454603166
454603166
454603166
454603166

Sample
Tag No.

5-47501/5-47502
5-47503/5-47504
5-47505/5-47506
5-47507/5-47508
5-47509/5-47510
5-47511/5-47512
5-47513/5-47514
5-47515/5-47516
5-47517/5-47518
5-47519/5-47520
5-47521/5-47522
5-47523/5-47524

5-47527/5-47528
5-47529/5-47530
5-47531/5-47532
5-47535/5-47536
5-47533/5-47534
5-47537/5-47538
5-47539/5-47540
5-47541/5-47542
5-47543/5-47544
5-47545/5-47546
5-47547/5-47548
5-47556/5-47557

5-47555
5-47549/5-47550
5-47553/5-47554

Cha in of
Custody No.

5-10490
5-10494
5-10490

5-10494/5-10495
5-10491
5-10490
5-10490
5-10491
5-10491
5-10490
5-10492
5-10495

5-10495
5-10490
5-10490
5-10491

5-10490/5-10491
5-10491
5-10494
5-10491
5-10491
5-10494
5-10494
5-10494
5-10495
5-10494
5-10494

If

T-2
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TABLE 3

FIELD DATA SUMMARY
CHARLEVOIX, MICHIGAN

SOURCE IDENTIFICATION TASK
FIRST CLP SAMPLING

Well
No.

1
2
3
4
5
6
7
8
8D

11
Tl
T2
Tl1 J

T4
T5
T6

201
201D
202
206
209
210
212
212D
213

280

291

293

Date
Sampled

12/20/83
12/21/83
12/20/83
12/21/83
12/?l/83
12/20/83
12/20/83
12/21/83
12/21/83
12/20/83
12/21/83
12/21/83

12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/21/83
12/20/83
12/21/83
12/21/83
12/21/83
12/21/83

12/21/83

12/21/83

12/21/83

Sample
No.

CVX-GL-001-1
CVX-GL-002-1
CVX-GL-003-1
CVX-GL-004-1
CVX-GL-005-1
CVX-GL-006-1
CVX-GL-007-1
CVX-GL-008-1
CVX-GL-008-1D
CVX-GL-011-1
CVX-GL-101-1
CVX-GL-102-1
Mr*: t NAnirtl *p*rl •• enllU IK JQIII^*ICvJ •*», •»

CVX-GL-104-1
CVX-GL-105-1
CVX-GL-106-1
CVX-GL-201-1
CVX-GL-201-1D
CVX-GL-?02-1
CVX-GL-206-1
CVX-GL-209-1
CVX-GL-210-1
CVX-GL-212-1
CVX-GL-212-1D
CVX-GL-213-1

CVX-GL-280-1

CVX-GL-291-1

CVX-GL-293-1

uses
Top of
Casing

643.35
607.31
641.16
610.00
628.80
625.35
620.43
626.90
626.90
638.00
596.89
595.11
RQ1 47<J J i. *> f /

587.00
612.95
614.42
615.66
615.66
613.30
594.41
611.38
609.12
612.08
612.08

DNR
Fisheries

W e l l
R i n s e

Drum
Fie ld
B l a n k
F i e l d
B l a n k

Static
Water
Level

30.12
24.88
54.65
29.40
49.56
40.17
22.27
46.62
46.62
54.18
16.84
15.50
1? 1?l c. . 1C

8.00
29.57
31.09
34.56
34.56
31.95
14.17
29.99
28.50
31.80
31.80

—

—

—

—

uses
Water
Level

613.23
582.43
586.51
580.60
579.24
585.18
598.16
580.28
580.28
583.82
580.05
579.61
S7Q 15•J f J « J»J

579.00
583.38
583.33
581.10
581.10
581.35
580.24
581.39
580.62
580.28
580.28

—

—

—

—

Depth
of Well

46.0
36.0
68.0
34.6
56.5
53.0
37.0
57.0
57.0
67.0
27.8
25.5
24.0
2l!o
36.0
34.5
51.5
51.5
68.5
35.0
49.0
49.0
61.0
61.0

—

—

—

—

W e l l
Volume

(ga l )
2.7
1.9
2.2
0.9
1.2
2.1
2.5
1.7
1.7
2.1
1.8
1.7
? 0f. » \J

2.2
1.1
0.6
2.8
2.8
6.1
3.5
3.2
3.4
4.9
4.9

—

—

—

—
1

Purge
Volume

(gal)
27
19
23

9
12
22
25
18
18
22
19
17
20•t w

22
11
6

29
29
61
35*
32
35
49
49

—_ _ _

—

Note: Level D Protection used on all samples. *Water level data not used; measurement In error,
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&$%. WILE 4
SUWWLT flf ORGANIC ANALYSIS

CJIOUVOIX. MICHIGAN
,_ IDENTIFICATION TASK
*»$T CLP SAMPLING

Well No.

Method Blank
1
2
3

3D

Spike

4

5

6

6D

Spike

7

8

8D

11

Tl

T2

T3

T4

T5

T6

201

201D

202

206

209

210

212

212D
DNR Well (213)

Rinse Water (280)

Field Blank (291)

Field Blank (292)

' Trlchloroethylene
[ppbj
< 0.5
< 0.5

0.6
< 0.5

< 0.5
4.7 (5.0)

480
< 0.5

< 0.5

< 0.5

4.7 (5.0)

< 0.5

8.1

8.3

8.9

3.0

405

Not Taken

< -0.5-
5.5

< 0.5

14

11

5.7

230

4.0

0.7

730

660

2.2
17

< 0.5
1.7

Tetrachl oroethyl ene
1 PPb)
< 0.5
0.6

18
0.8

0.6
0.7

21
4.3

< 0.5

< 0.5

< 0.5

< 0.5

2.3

1.7

340

2.6

< 20

Not Taken

2.0
2.6

4.8

1.6

< 0.5

2.3

54

130

11

< 50

110

67

< 0.5
1.7

< 0.5

DUD! 1cate T-4
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APPENDIX 1

DRILLING LOGS
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Addendum
TASK TECHNICAL MEMORANDUM

TOi Bruce Cutright, CH2M-Hill

FROM: Rick Burke, Snell Environmental Group, Inc.
Ed Everett, Keck Consulting Services, Inc.

SUBJECT: Charlevoix, Michigan Remedial Investigation
Task 2 - Source Identification Program
Hydraulic Conductivity Testing

JOB NO.: W65253.0

INTRODUCTION

The March 27, 1984 Task Technical Memorandum outlined the work
to be done to determine the hydraulic conductivity of the
water-table aquifer in the area of the soil borings done
during December, 1983. This work was done on April 16 and 17,
1984.

The work activities herein were performed in partial satis-
faction of BOA SC-5-023, Work Assignment No. 46-5283.0, RI
Task 2.

1.0 FIELD HYDRAULIC CONDUCTIVITY TESTING

1.1 Purpose

The purpose of running these tests was to determine the
permeability of the aquifer for predicting flow rates and
potential purge volumes..

1.2 Scone

The outline in tiie Task Technical Memorandum called for
testing 10 to 12 wells including all "200" series wells and
selected other wells within the area of contamination.

1.3 General Procedure

In-situ hydraulic conductivity tests can be conducted (on
small diameter wells) by injection or extraction of a known
volume of water and then measuring the change in head toward
equilibrium over time. During the planning stages of this
work, it was determined that injection of water into the well
would be undesirable due to possible effects on future water
quality analyses. Extraction of a known volume of water was
also judged to b« undesirable if it involved pumping the water
onto the ground also this is a difficult procedure to
accomplish.

-1-
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The proposed method w*e to use a displacement technique, where
a tube (sealed) of Known volume would b« lowered into the well
to displace water. When the tube is installed in the well,
the water level rises and then returns to original level and
upon pulling the tub* (after reaching equilibrium) the water
level will recover back to original static water level. The
specific procedure is outlined below:

1. Set a pressure transducer at the bottom of the well or 20
feet into water.

2. Allow the transducer to stabilize (temperature dependent),
pull the transducer to above the water level and check for
zero reading, adjusting as necessary.

3. Put displacement tub* (one gallon volume displacement) into
well and lower quickly into the water.

4. Record transducer reading prior to displacing water and
start recording readings when tube is in place.

5. Record decline in water level until equilibrium is reached.

6. Rapidly pull tub* from well.

7. Record readings during recovery of water level until equi-
librium is reached.

8. Clean all equipment with TSP solution and rinse with water
from the Township supply.

1.4 Personnel

The project team consisted of.Keck Consulting Services, Inc.
(KCS) personnel - Ed Everett and Jeff Pincumbe. Prior to
starting the work, we met with Mr. Larry Levengood, District 3
Health Department to discuss the work and get keys for all the
wells,

1.5 Field Work Chronology

All work was conducted in level D protection with Nitrile
gloves used to handle all equipment.

April 16, 1984, Monday

KCS personnel arriv4>d in Charlevoix at approximately 8:30 a.m.
and met with Mr. Levengood to get keys. The weather was snow,
windy and approximately 30 F.

Water levels were measured in all accessible wells prior to
starting any of the hydraulic conductivity tests.

-2-
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The order of testing was determined to proceed from wells of
low or no contamination into the areas of higher contami-
nation. The order was: 201, 203, 210, 209, 5, 206, T2, 4 and
212, for a total of 9 wells. Table 1 summarizes the results
of this work.

Well 201 was attempted first. We found that the well casing
was not straight and we were only able to get the tube
partially into the water. Because we had to work to get the
tube down, we were unable to measure the decline in water
level (which was occurring as fast as we could install the
tube). Recovery occurred in this well within 3 seconds of
pulling the tube.

In well 203, we could not get the tube down into the water
because of the well construction. Well 210 had been struck by
a car or plow, bending the casing guard and the well casing.

? The surface seal was not broken. We were unable to get the
:; tube in this well.
i

We altered the order to get well 209 while we were near that
1 site. Again we had difficulty with getting the tube installed
^ in the well and lost the initial measurements. Upon

extracting the tube, the water level recovered within 3
seconds.

This was the last attempted sample on this day. E. Everett
left Charlevoix and J. Pincumbe stayed to complete the
testing.

April I?, 19S4. Tuesday

E. Everett called R. Burke to discuss the results of previous
day's sampling. It was decided to attempt to run tests on

, wells 4, 206 and T2 and if they were not successful, to cease
the testing.

jt

J. Pincumbe conducted the tests on this rainy, 34 day.

At well 4, the well casing was crooked and the tube could not
be lowered into the well. The same conditions existed at well
206.

The testing was completed on well T2 with the results showing
recovery in less than 5 seconds.

J. Pincumbe called E. Everett and it was decided to cancel the
testing.

i J. Pincumbe left the site at 10:00 a.m.

-3-
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1.6 Data Summary

Table 1 shows the results of the field hydraulic conductivity
testing.

Table 2 shows the water level readings taken on April 16,
1984. A groundwater contour map is included as Figure 1.

2.0 GROUNDWATER FLOW PATTERN

Figure 1 shows the groundwater elevations that were made from
the April 16, 1984 data. There are no significant differences
seen between these data and that originally shown in the Task
Technical Memorandum*

3.0 ANALYSES OF HYDRAULIC CONDUCTIVITY TESTS

The tests conducted were unsuccessful for two reasons; 1) many
wells were crooked or bent which did not allow getting the
displacement tube into the water and even where the tube could
enter the water it could not be forced to sufficient depth,
and 2) the aquifer is highly permeable and recovery rates were
so rapid that only one reading could be taken, and even the
accuracy of that reading was marginal.

The information does indicate that the permeability of the
aquifer is over 150 GPD/ft as originally estimated in the
Task Technical Memorandum. The monitor wells are screened in
thezonesof highest permeability where there is no contami-
nation, and the zones which are contaminated are within this
highly permeable material.

The methodology used to attempt measuring hydraulic
conductivities was inappropriate based on the findings during
the testing. Injection of water into the wells may be
possible, however, one would have to have large volumes
available to do the tests and the effect on water quality
would detract from this technique.

l- One accurate method of determining the permeability would be
to install a 4-inch well (or larger) with nearby observation

f wells and run an aquifer test. The cost and timing would be
[__ justified if purging of the aquifer were considered as a

viable remedial measure.

C

-4-
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Table 1
Field Data Summary

Hydraulic Conductivity Tasting
Charlevoix, Michigan Remedial Investigation

Pressure Transducer
Readings*

Well No.

201

203

210

209

5

206

T2

4

Date Start

4/16/84 13.6

4/16/84

4/16/84

4/16/84 12.8

4/17/84

4/17/84 10.2

4/17/84

End Time

16.4 3 sec

16.2 3 sec

13.6 5 sec

212

Notes

well crooked

could not get probe
into water

well guard & casing
bent

well crooked

not tested

could not get probe
into well

well crooked

could not get probe
in well

not tested

*start readings are those taken immediately upon withdrawing tubes and
end radirgs are static water levels as measured prior to installing
tube

0
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Table 2
Field Data Summary

Water Level Elevations
Charlevoix, Michigan

Well No.

1

2

4

5

6

7

8

11

T2

T6

201

202

206

209

210

212 -

Date
Measured

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

4/16/84

U.S.G.S.
Top of Casing

643.35

607.31

610.00

628.80

625.35

620.43

626.90

638.00

595.11

614.42

615.66

613.30

594.41

611.38

609.12

6^2.08

Static
Water Level

16.48

24.94

29.29

48.36

40.19

20.96

46.36

54.02

14.73

31.15

34.54

32.10

14.04

30.00

28.52

31.34

U.S.G.S.
Water Level

626.87

582.37

580.71

580.44

585.16

599.47

580.54

583.98

580.38

583.27

581.12

581.20

580.37

581.38

580.60

580.74
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CH2M.,.HILL
TECHNICAL MEMORANDUM

TO: File

FROM: Isaac Johnson
Bruce Cutright

DATE: August 21, 1984

PROJECT: W65253.00

RE: Charlavoix Remedial Investigation
Phase II Field Activities

INTRODUCTION

The Fhase II field activities consisted of four major efforts:

o A second round of groundwater sampling and water
level measurements

o A field inspection of buildings

o A shallow soil boring program

o A deep soil boring and additional monitoring well
installation program

The Phase II field activities were conducted from July 11
through July 27, 1984. These activities were performed in
partial satisfaction of Work Assignment No. 46-5L83.0.

CROUNDWATER SAMPLING AND WATER LEVEL MEASUREMENTS

Objective

The purpose of the second round of groundwater sampling was
to gather data on trichloroethene (TCE) and perchloroethene
(PCE), or tetrachloroethene, concentrations and water levels
at existing monitoring wells associated with the Charlevoix
site, shown in Figure 1. An additional objective of this
task was to determine variations in groundwater quality and
water levels from previous sampling efforts.

j The scope of the second round of groundwater sampling included
'* the following:

t

i:
c
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o Water level measurements in 21 monitoring wells.

o Groundwater samples collected from 19 monitoring
wells.

o Three duplicate samples and two blank samples.

All samples were analyzed for volatile organics at California
Analytical Laboratories, Sacramento, California. All samples
were also screened for TCE and PCE in the field using a Photovac
GC unit.

Personnel and Procedures

The existing monitoring wells were sampled from July 11 through
July 13, 1984. The following personnel were involved with
the sampling effort:

Ed Everett - Keck Consulting Services

I Jeff Pincumbe - Keck Consulting Services
Robert Hunt - Snell Environmental Group

p Water levels were measured in all wells prior to sampling,
j using an electric sounder. All measurements were taken from

the top of well casing. The electric sounder and cable were
decontaminated between each well using a solution of tri-sodium
phosphate (TSP) and Charlevoix Township water, followed by a
rinse of Charlevoix Township water.

Monitoring wells were purged by pumping five bore volumes of
water using the Johnson-Keck Model SP-81 submersible pump.
Samples were then collected using a Teflon bailer to fill
three 40-ml volatile organic analysis (VOA) vials. Two vials
from each well were packed in iced coolers according to U.S.
EPA Contract Laboratory Program (CLP) protocol and shipped
via Federal Express to California Analytical Laboratories,
Sacramento, California, on the day the samples were collected.
The third vial collected at each well was placed in a separate
iced cooler for screening with a Photovac GC unit the week
of July 16, 1984.

Decontamination procedures included two steps to avoid conta-
mination of the sample and well and to minimize the possibility
of cross-contaminating wells. Solutions were used in sequence
to decontaminate sampling equipment. Trisodium phosphate
(TSP) (1 cup of TSP per 30 gallons of water) was used as a

0
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decontamination solution. This was followed by a clean water
rinse. All water used in the decontamination and rinse solu-
tions was obtained from Charlevoix Township.

The pump was decontaminated by pumping TSP solution for 5 min-
utes followed by 5 minutes of pumping the clean water rinse
solution. All decontamination solutions were discharged at
the City of Charlevoix wastewater treatment plant the end of
each working day.

A Photovac, portable gas chromatograph (GC), unit was set up
in the Charlevoix County Annex Building basement on July 16,
1984. It was operated by Phil Campagna of Ecology and Envir-
onment, Inc., to screen samples collected from existing monitoring
wells and samples collected from additional borings and wells
for TCE and PCE.

Data Summary

A summary of the sample tracking documentation for the ground-
water samples sent to the contract lab is given in Table 1.
Static water levels and Photovac screening results for TCE
and PCE are given in Table 2. A groundwater contour map for
July 1984 is presented in Figure 1. Contract Laboratory
analytical results are presented in Table 3.

FIELD INSPECTION

Objectives

The purpose of the field inspection was to attempt to identify
the presence of organic vapors in buildings, crawl spaces,
and storm drains in the suspected plume areas. A secondary
objective of the field inspection was to search for potential
sources of TCE and PCE contamination.

Scope

The field inspection was conducted using an HNU PI-101 photo-
ionizing organic vapor analyzer calibrated to benzene, at
the beginning of each work day. The relative response, for
both TCE and PCE vapors, is approximately equal to 90 percent
of the response for benzene on the HNU.

The inspection, conducted in and around the 10 buildings
listed in Table 4, consisted of walking through the buildings
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carrying the HNU unit and surveying basements, crawl spaces,
walls, corners, floors, and floor drains.

Personnel

The field inspection was conducted on Monday, July 16, 1984,
and Thursday, July 19, 1984.

On Monday, July 16, the inspection covered public buildings,
B.J. Goodwin's (formerly Art's Drycleaners) and the Newman
Street Dump. On Thursday, July 19, private buildings along
the alley east of the middle school and the funeral home
were inspected. The personnel involved with the inspection
each day were:

July 16, 1984 July 19, 1984

Isaac Johnson/CH2M HILL Jack Kratzmeyer/U.S. EPA

Aaron Sussel/Snell Envir. Group Aaron Sussel

Larry Levengood/District

Health Dept. No. 3 Larry Levengood

Data Summary

A sunuriary zf. the field inspection activities is presented in
Table 4/

SHALLOW SOIL BORINGS

Objective

The purpose of the shallow soil borings was to collect soil
samples in the unsaturated zone and groundwater samples from
the zone just below the water table to identify the source
of TCE and possibly PCE contamination.

Scope

Twelve shallow borings were drilled to approximately 5 feet
below the water table at the locations shown in Figure 2.
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Fifty-two soil samples and 12 groundwater samples were ana-
lyzed for TCE and PCE using headspace analysis with the Photo-
vac unit.

Personnel and Methods

The shallow soil boring activity was conducted from July 17
through July 20, 1984.

The following personnel were involved with the shallow soil
borings:

Isaac Johnson, CH2M HILL - Field Team Leader/Sits Safety
Officer
Aaron Sussel, Snell Environmental Group - Sampling Techni-
cian
Phil Campagna, Ecology & Environment - Photovac Operator
Tom Skipper, Keck Consulting Services - Driller
Jeff Pincumbe, Keck Consulting Services - Driller

Shallow soil boring locations were chosen based upon previous
data from the existing wells. Initial locations were selected
to intersect the areas of highest known TCE concentrations.
As borings were completed and groundwater samples screened
for TCE and PCE with the Photovac, additional locations were
selected in areas expected to be closer to the source of TCE
contamination.

The borings were advanced using a Mobil Prospector drill rig
mounted on a small garden tractor and 3-inch-diameter, solid-
stem continuous flight augers. Scil samples were collected
using standard split spoons and a 140-pound drop hammer.
Groundwater samples were collected by driving a 2-inch-diameter,
2-foot-lcng, stainless steel well point screen and 2-inch-
diameter galvanized pipes to a depth approximately 5 feet
below the water table. The Johnson-Keck Model SP-81 pump
was used to purge the galvanized pipe for 10 minutes and the
sample was taken with a 2-inch Teflon bailer. Sample vials
were then placed in an iced cooler until they could be analyzed
using the Photovac.

The split spoons and the pump were decontaminated between
samples using a TSP solution and a clean water rinse. The
augers and drill rig were steam cleaned between each boring.
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Field Data Summary

Boring logs for the shallow borings are included in Attach-
ment A (to be added at a later date). A summary of static
water levels, groundwater sample depths, and Photovac results
for groundwater samples is shown in Table 5. No TCE or PCE
was detected using headspace analysis on any of the soil
samples collected in the shallow borings.

DEEP SCREENED AOGER BORINGS AND ADDITIONAL MONITORING WELL
INSTALLATIONS

|| Objective

The purpose of the deep borings and additional monitoring
n wells was to further assess the extent of the TCE and possibly
H the PCE plumes. Secondary objectives of this effort were to

assess the highest concentrations of TCE at or near the source,
determine the width of the plume, and install additional

{ wells for groundwater elevation measurements.
I -•

Scope

r
| The scope of work involved installing five additional wells

in eight additional borings (Figure 2.) Four wells (315,
316, 317, and 320) were installed using 3^j-inch-diameter
hollow stem augers. One well (319) and the other three borings

I* (313, 314 and 318) were advanced using a 3%-inch-diameter
screened hollow stem auger. In these borings water samples

p were collected as the borings were advanced, to obtain concen-
U tration data with depth.

f- Personnel and Methods

The deep screened borings and additional monitoring wells
were installed July 23 through July 27, 1984. The following
personnel were involved with this effort:

Isaac Johnson/CH2M HILL
Robert Hunt/Snell Environmental Group
Harjit Sidhu/GMC Drilling
John Simmer/GMC Drilling
Dave Paholak/GMC Drilling

GMC, Inc., of Northville, Michigan, provided a Mobile B-52
truck-mounted drill rig and a three-man crew. The boring
and well locations were selected based upon previous data

0
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from the existing wells and the shallow borings, completed
the preceding week. The boreholes for borings 313, 314, 318
and 319 were advanced with 3%-inch I.D. hollow stem augers,
with the lead auger screened. Auger cuttings were examined
by the drill crew and the hydrogeologist. Groundwater samples
were collected at the intervals listed in Table 6. The proce-
dure for groundwater sampling was as follows:

o The augers were air developed at the selected inter-
val to remove sand and silt from the screened section.

o Five (5) casting volumes of water were pumped from
the augers with the Keck SP-81 sampling pump at a
rate of approximately 1 gpm.

p o Groundwater samples were collected using both the
j Keck SP-81 pump and a 2-inch stainless bailer or

as noted in Table 6.

[ o Samples were taken in VOA vials and transported to
I the Photovac unit for analysis of TCE and PCE con-

centrations.
r
| o The air line, sampling pump, and bailer were decon-

taminated between samples using a TSP solution and
a clean water rinse.

'- o One monitoring well was installed in a screened
auger boring (319) for groundwater elevation measure-

r ments. The other four monitoring wells were installed
I using conventional 3%-inch I.D. hollow stem augers.

The well locations were chosen to confirm the areas
r of high TCE concentrations and for groundwater

level measurements. The wells were developed and
sampled using the same procedure as for the borings.
The drill rig, augers and tools were steam cleaned

j between each boring.

Field Data Summary
i
j: Boring logs and well construction sheets are included in

Attachment A (to be added at a later date). A summary of
.. sample depths and Photovac results is shown in Table 6.

»" GLT441/72



Table 1
SAMPLE IDENTIFICATION MATRIX

SECOND CONTRACT LABORATORY PROGRAM SAMPLING ROUND
CHARLEVOIX, MICHIGAN RI

Sample
NumWr

CVX-GL-206-2
CVX-CL-104-2
CVX-CL-102-2
CVX-Ct-005-2
CVX-GL-008-2
CVX-CL-008-2D
CVX-CL-291-2
CVX-CL-001-2
CVX-O.-003-2
CVX-CL-007-2
CVX-O.-006-2
CVX-tt-011-2
CVX-CL-011-2D
CVX-CL-105-2
CVX-CL-106-2
CVX-GL-002-2
CVX-GL-201-2
CVX-GL-202-2
CVX-GL-202-2D
CVX-CL-209-2
CVX-CL-210-2
CVX-GL-292-1
CVX-CL-004-2
CVX-CL-212-2
CVX-GL-212-2D
CVX-GL-292-2

07/11/8A
07/11/84
07/11/84
07/11/84
07/11/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/13/84
07/13/84
07/13/84
07/13/84

Date
Shipped

07/11/84
07/11/84
07/11/84
07/11/84
07/11/84
07/11/84
07/11/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/12/84
07/13/84
07/13/84
07/13/84
07/13/84

Airbill
Number

473500160
473500160
473500160
473500160
473500160
473500160
473500160
473500171
473500171
473500171
473500171
473500171
473500171
473500171
473500171
473500171
473500171
473500171
473500171
473500171
473500171
473500171
615271554
615271554
615271554
615271554

ScmpU
Humtw

OkBiB Of

5-51366/5-513*7
5-51368/5-513*9
5-51370/5-51371
5-51372/5-51373
5-51374/5-51375
5-51378/5-51379
5-51376/5-51377
5-51380/5-51381
5-51382/5-51383
5-51384/5-51385
5-51386/5-51387
5-51388/5-51389
5-51390/5-91J91
5-51392/8*51393
5-51394/S-S1395
5-51396/S-S1397
5-51398/5-31399
5-51400/5-31401
5-51412/5-51413
5-51402/3-51403
5-51404/5051405
5-51410/5-51411
5-51406/5-51407
5-51408/5-5U09
5-51414/5-51415
5-51416/5-51417

5-9210
3-9210
5-9210
5-9210
5-9210
5-9210
5-9210
5-9211
3-92UL
5-92U
5-9211
$-9211
5-92U
5-9211
5-9212
5-9212
5-9212
5-9212
5-9212
5-9212
5-9212
5-9213
5-9214
5-9214
5-9114
5-921*

Note i

Case No. 1171E
All •••pie* aent to California Analytical Laboratories

GLT441/73
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SECOND CU> SAMPLING BOUND
OMWJJVOII, HICHIGAW II

H*ll
»*e*>er

U
11
n
n
n
>•
»
14

101
202
202
20.
20*
210
212
211

-
-

Dete
eee»l«4

7/12/M
7/12/M
7/12/M
7/1J/M
J/ll/M
7/12/M
7/12/M
7/11/M
7/11/M
7/11/H
7 /!!/•»
7/11/M

•

7/11/M
7/U/M
7/11/M
7/12/M
7/12/M
7/11/M
7/11/M
7/12/M
7/12/M
7/11/M
7/11/M
7/11/M
7/12/M

twple of *•*•«
cvx-er-ooi-J
en -cr -001-2
CTl-CT-OOl-2
cn-<ir-oot,-i
cn-cf-005-i
cn-or-oM-i
CTI -0* -007-2
cn-cr-oM-2
cti-a»-«ii-i
Cfl-OF-011-2B

—
cn -or- 101 -2

-•
cn-or-iM-2
cn-ar-ios-2
cvx-«r-io«-i
cn-ar-20i-2
cn-or-202-i
cn~cr-io2-2D
C*X-«r-20t-2
cn-c»-io«-i
Cn-CT-110-2
cn-«r-2ii-i
cn-cr-2ii-2B
cn-c»-2ti-i
cvi-or-i»3-i

flat ll Uatar Level
Feet Below

Top of Ca.lnf

J9.B4
14.54

28! 71
4B.07
19.92
21.58
44.0*
53.75
53.75
15.11.
14.54

4.7*
29.28
3O.78
34.04
31.4*

14.00
19.41
17. M
30.14
30. Bt

Elevation
H.S.L.

413. 4»
1*7.77

J81.29
W0.7J
585.43
*>98.B5
t.0.82
5*4 , 25
5M.15
sr> os
580.17

58C.21
585 47
583 64
581. fc)
581. li

580^41
581.97
5B1 . 28
581.22
581.22

Trichloroetbene-ICI
(Coocantratloo-uiA-)

Balled
Balled

Balled
Balled
Balled
Ballad
Belled
Belled
Ballad
Ballad
Balled
Balled

45

23
15
10

200
1
3

421
». 04

tecreekl*
PerehloroetbeM-rCS

(Concent rat

1.$
e
*

It*
1*4 ri.U

11*
25

PI. Id <

Field devlleete
Flald .leek
Pl.ld .leek

•Mot detected

QLT441/75



B
B
B
B

E
II
G

TabU 3
SECCXD CONDUCT UBOUIOtT PROGRAM SAHPLDIG ROOD

(xamusoi ANALTSIS
CHAILZVOIZ, MICHZG.UI II

Hill
nuabgr

CVX-GL-001-2
CVX-GL -O02- 2
CVX-GL-003-2
CVX-GL -004- 2
CVX-GL-005-2
CVX-GL-006-2
CVX-GL-007-2
CVX-GL-008-2
CVX-GL -008- 2D
CVX-GL-011-2

CVX-GL-011-2D
CVX-GL-102-2
CVX-GL-104-2
CVX-GL-105-2
CVX-GL -106- 2
CVX-GL- 201- 2
CVX-GL-202-2
CVX-GL- 202- 2D
CVX-GL-206-2
CVX-GL-209-2
CVX-GL- 210- 2
CVX-GL- 212- 2
CVX-GL- 212- 2D
CVX-GL-291-2
C7X-GL-292-1
CVX-GL-292-2

Laboratory
Sample
Nuabcr IrichLoroetheo* (TCE)

1171ES07
1171ES14
1171ZS08
1171ES19
1171ZS04
1171ZS10
1171ZS09
1171ES05
1171ED05
117UES11

1171ED11
1171ES03
1171ZS02
117UES12
117HS13
U71ES15
unnsif
1171ED16
1171ES01
11 TIES:-
1171ES18
1171£S20
U71ED20
117LER06
U71ER21
1171£R22

*
*
*>

96O
*
*
»
10
10
44

15
140'
*

*

*

25
13
1?
-
5K
*

510
580
*
*
*

Tetrachloroetbmne or
Perchloroethene (PCE)

*
16

*

5.5
*
*
*
*
*

880

1.3K
*
*
*
*
*
*
*
-
150

35
*
*
*
*
*

Comments

Irans-l,2-dlchloro-
ethene-5K

Results not received-8/21/84

Acetone 9.8 ug/L

Acetone 69 ug/L
Acetone 47 ug/L

*Not detected above limits

All concentrations are expressed in ug/1.
'K' - indicates compounds detected at approximately the detection limit.

GLI441/74

G



Takl. 4
ruu iHSPtcncM swtuat

CHAILIVOU. MICHICAM II

BuHdlng or Location

County Annex Building

Addr...

703 Antrlei St. 7/14/84-0*00

tatIdle

City Bell aed fire (tattoo

B.J. OaedvlB'*
(foTMrly Art' a Dnrcleenera)

Antrlo (t.

Maaon St.

210 An trie St.

7/U/M-0930

7/14/M-0945

7/14/84-1020

7/14/84-1110

Ar*a« Surveyed

Outalda of building In yard

BaaeMnt
- kethroai celling
- utility doeec
- Building Inapectlon Office*
- cellle«
- eortoee.t office
- nortk rooai
- record (to™** nom

Outale* of .ulldle* U yard

Be*

v.leet

- lull neat te vault*
- bolter rooai vorkehop
- furoec* rocei

- ea*t *tor*ee roam
- Police *tor*t* rooei

- outald* of Police atoraae rocei
- crewl *p*ce near atalrway
- woewn'B lounga

- alon( "alia

Back atorafe room
- tanaral area
- 4-Inch drain

- aaell drain* along veat wall

Back abed
- alona dirt floor

Outalde along edge of bulldlnga

Uall T5
Surface aoll around alt*

.*• Seulv.le
to »ee»eoe

0.4

2.2
1.2

2.2
5.0
2.0
•.S

a.i

o.o
0.4
0.2

0.5-1.
4.0-17.

1.
0.
0.

0.5-0.8

0.5
300

10-120

0.5

1.0-7.5

0.0
0.0

•MB »*»rtr
Mretdl

vemetUrt •!•!

BrelM feraerly
cleeelag;*
»o lce«*r

•eed fer dry-



Table 4 (continued)

•ulldlna or Location

CkerleroU Hlddl* School 7/14/84-13)0

Araa. Surveyed

Meat Wing
- nordweat corner cravlaoec*
northveBt corner cravlapae*

m* Beading*
.*• Beulvaleet

t* le.ea.ue.

0.1
0.1

4-fMC tale* flaw
CrevlMM. all

"t HIM
north

Ulncheatar'* funeral Bou*

Jack Qoreoe Be*ld*»ce

lick Bteera Beildence

Mra. larry ttood IcMdence

State St.

106 Clinton St.

204 Clinton St.

107 Haaon St.

702 Clinton St.

7/19/84- 14OO

7/19/84-16)0

7/19/84-1445

7/19/84-1700

7/19/84-1715

v.ll cravlavec*

boiler ream end laundry rve»
ci taxing eejuleeumt .tor***
floor drain near north eetr
to kaaeeeat

OutBlde
tuel all tenk vent

- playground itoro «*v*r la U
track Uflald

- awltorln* well Bo. 4
nooltorlng U.I1 Ho. 212

- general araa, vail*, floor.

drag*
- general are*
- floor drain

Metal g*r*g* behind hou.e

Baaiuint of ooua*

Baaaewnt and crewlapace of houBe

Shad and bam behind hou*e

0.*

0.1
1.0

0.1

0.1

0.0-0.2
0.0
0.0

0.0

0.0
l.S

0.0

0.0

0.0

0.0

Bll«Btt •

OLT441/74-2



Tabla 5
SHALLOW BORIMC fULD CMMKMATU DAIA SUMMIT

CHAILIVOI1. mOHCA* II

tori**}

Ml

Ml

Ml

304

MS

Ma

M7

Ml

M*

309

110

111

)12

•Mot detected

CU441/77

Data

r/i7/M

J/17/M

7/11/M

7/18/M

7/lf/M

7/1S/M

7/19/M

7/19/M

7/19/M

7/19/M

7/19/M

7/22/M

7/20/1"

S«Vla Hu**er

cvi-cr-wi-oio

cvx-cr-302-OJi

CW-Cf »1-OJ3

cn-of-»4-oi)

en -or 305-03)

CTI-O'-lOe-OM

cw-or-107-013

CVX-i7F-30<!-0)3

CVI-Gf- 309-033

CV1-0»- 309 -0330

CVI-CT- 310-01)

CVX-Gf-311-033

CV1-GT-112-03)

I«*Vl<
Dapth

33-

31'

3)'

31'

33'

31-

33'

33'

3)1

33-

33-

33'

Croundoatar
Level (Feet

tolou Ciound
Surface

tt.o
10.5

24 1

25 4

27.0

27.2

2'. 5

18.2

15.3

25.3

17.3

29.1

7.7.4

Hathod

toll

toll

toll

toll

toll

toll

toll

toll

toll

toll

Ball

toll

Ball

Trlc*leroetJMM-tCI
(concea>tretlo.-ua/L)

19*

1

1

1

1*

*

e

912

5

5

2

1*1

225

*
w
i

u
t
u



TabIa 4
HEW WILLS AND DF.IP BORINGS fltUJ GBOUMNATII DATA SUMMIT

CHAJU.EVOU. MICHIGAN »l

Bet*
Seep I a

7/21/M
7/21/M
7/21/M

7/24/M
7/24/M
7/24/M

7/14/M
7/24/M
7/24/M

7/24/M
7/24/M
7/24/M

7/2S/M
7/25/M
7/25/M

7/25/M
7/25/M
J/25/M

7/J5/M
7/25/M
7/75/M

7/J5/M
7/25/M
7/25/M

7/24/M
7/24/*4
7/24/-W.

7/24/M
7/24/M
7/24/H4

7/24/M
7/U/M
7/24/M

CVI-CF- 313-010A
CVI-CF- 31 3-0301
cvx-cp-iii-ojoc

CVX-CP-S14-040A
CVX-Cf-)14-040B
CVt-Cr-ll4-O4OC

CV«-«»-ll»-050C

CVS-CV-114-O40A
cw-or- 114-otoB
CVJ-CT- 314-04 OC

CVX-CT-315-72SA
CV«-Cr-115-715B
CVI-CT-S15-7J5C

CVX-cr-315-7J5CB
CVI-Cf- 315-7 MBD
CVX-cr-315-IBl

cvi-cr-)i3-M;
CVI-cr-315-M)
CW-CT-315-IB4

CV«-cr-31S-M5
CVX-Cr-315-U4
CVX-C?-115-IB7

CVI-CF- 314- 7 J4A
CVX-CF- 314- 7248
CV1-CF-314-724C

CVX-Cr-314-7J4AD
CVI-CF- 317- 7 J4A
CVX-CF-317-724B

CVX-CF-317-7J4C
CVI-CF- 317-M1
CVI-CF-318-47A

39'

)9'
SB'
38'

38-

47'

S.*«>Ung
H»thod

Puae>

tst
51
PUB*

5.

fuel,
toll

Ball
fM ,̂
Punp

Pun.

r\-»

Puny
BalUd
Punp

Punp
Punp

toll
Fviev
Pv«p

Trlchlotoetnene-TCB
(coneantrat ton-ug/L)

41
47
59

111
121
it

150
178

44)
419
554

589
732

3

1
13
1

Tetrachleroethene or
PerchloreetHeee-PCI
(concentratton-ui/L)

4
4
1

mm MO
me* «**

•til iMt»iia< ?/•»/•»

Un*» tatter •leek
Un« MM* »!•*

405

II
14
14

19
25
28

25

Hell Uet.lled 7/n/M

W.11 lMC*lled 7/SS/M

*Mot detected

CLT441/78-1



ess

Table 4 (continued)

Date

7/24/M
7/24/M
7/24/M

7/24/M
7/24/M
7/24/M

7/24/M
7/24/M
7/24/M

7/M/M
7/24/M
7/M/M

7/24/M
7/H/M
7/14/M
7/27/M

Seep la

CVI-OT-11S-47B
CVX-CF-31I-47C
CVX-CF-118-U1

CVX-CF-31B-U2
Cn-CF-318-BBJ
CVI-CF- 31B-42A

CVX-CF- 318-4 J»
CVI-CF- 318-4 Jf

CTX-OT- 318-4280
Cn-OF-318-«J'T)
Cn-flT-lU-47/1

Cn-OF- 119-4 7«
Cfl-CF- 11*-40A
cn-6r-)i9-*oB
CVI-CF- 320 , 2 7

Sanpla
Depth

47'
4 7 '

• 2'

42'
42'
42'

42'
42'
47'

47'
40'
40'
40'

Suplln.
M«thod

5.
Pue^

PiM>p
Pv-P
Pua*>

5,

Pue,
Puep
Punv

Trlehloroath*ne-TCI
(conceotr.tIon-ug/L)

519
519

454

474
144
420

211
21

24
4
7

23

Tatracbloroetheee or
Perchlorc.thae.-PCt
(concentr«tto«-»«A)

U
II
21

Wall

•«V>t detected

OJT441/78-2
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INTAKE FLUME

LAKE MICHIGAN

-/-,.-! A

CL!iS.70N

o ofl ,
". 2

PL ,

i
gl

O

o 2211

208 209

NEWMAN [

II 207

f~ 1L

r2

1

- v £

A III*TMM eKMMTOMMa MU.I IOCATIOM

A BOXixo tocATTOt. eo>et«Tio PIC IMI

O AOOrrioai'M. BHALIOVV MWIMO LOCAVKMI

f-] AOOtTMMM fOtUHtD HOU.CW (TUI
AUOMI WMUHQ LOCATION

• ADOITIONAl MOMITOKIMO MtLL LOCATION

rtauntx
AOOfTrQMAL WMMNO AND
MONITOt).NO WC U. LOCATMMM



[I

0
C

nu

0
0-

52'0"

69'0"

. . • • tmMiora. .

••> . •

Wet. fine to «edii«. brown SAND
with traces of silt and fine
gravel •

Wet,
SAND

TTM Or UM**t,l

0. -OvfTUHMCD
U.L.-U*O«ST. UMtm
LT. .(Nct,»r rw*c
Li, -»*»ciT l*OOe1

fine to nediun, brown
with traces of silt

. : • • ' •

he •«•

52

53

Ji_

ii_

56

57

56

59
^v-60

51

62

63

64

66

66

67

68

69

70

71

72

73

1 174

|TT~
1
1 176

1 1 1

RIMAini •,

Sv*»4W ?«*»».*.•• T*M - Drtoke.; I" 00 »»»*>hr r *M
I4»f KM.*** NtTkni J»"; CdMl Matte At t" ta8nm*jb

*»Tr •e

}

1

.TTS •̂ •LeJleePvfef.*̂  Wi

- •

t

tROUMD VATtR OUIRVATIOMS ~ •>.

• *> * ' _ ' ' " - ' ; " '

•.». f NCOUMTEMEO AT , rT. T'mU.

«-•. A*»T»H CO8i»>I.CTlOM rT. > W*.

•.*. «rr«*) NMS. . rT. ' .^ : m.



i

G
G
(1

0
0
Q

7f'f"

'*
•'.'*'
t :f

93 '0"

i

•

*mm> mexBeneTimmm . |4M||

Wet. fine to iMtfluB, brown SAND
with traces of stlt

TYFC or SAMPII
o. .atsTummce
W.U»WMO*ST. L.IMC*
S.T. -BMCkSV TV*>«
•.S. -»»»UT S»OON

•

END OF BORING

.

-

- ' • * .

*— *

- • • • * - i, • • "

• . . .

. . . . . . . .
'

RCMARK* -.-.- .- - .,1;.. ,

' • ' . ' ' ' • / ' . • • ' ; y-^^^-'l^'*
SvfMMfcfvI fBixiî H** Ta** - eMvtof I~ 09 >«»«j.»» r WM

u*)« M..̂ .. remn. ar*, t-«^ M.J. A.I r* >•••««•..

•)..

/-1

f^
n
#
*i
82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

?7

98

99

100

01

SL,

Bk»«ftf«*hMrfjmmmmi
•mmiCi

i

>

*

a

•

•

JM. JhtCM
emtttmifV t

•

.. GROUND WATER OtMtRVATMMS -;. --
: " • . .. . '^ V * . 1 . : ^ii*^^**—* •

•.«. KMCOUNTK*CO AT ' ̂  *' rT. " ' Mt.
( «.w. ArTKH coMr-kCTtOM r . rT. ' • .': mt*.

«.». Amu MMS, rr. mt.
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fleet

1

|

8
I
i

[T

li
C

*••

j
]

*

£

>

1

t

I

1t

1
" "' J

: : ' Ground Surf ace _, -XH__^_<-
.
: ?" PVT P1pr .i '

(flush joint)

• •

|
(hole collasped)

••

(flush joint, .006 slot)

i ^

„r

.•.eeeeeeel

I- Steel. 4" 00. Guard Pipe (locked)
•«-2'0" ' • • " .

*̂ < -Concrete p'fl"

~s

f-

/

/

r-Borehole

—Bentonite Grout

— 20'0M

^

— 38 '0"

«

\ V ]-«'"" ;

\.mî **-̂ ^ .

•• T

END OF BORING ACTUALLY 93'0"

^ - 6*210 Sketch of Well Installation
wi j^fm^ ' • ' '.:: Charlevoix Monitoring Wills

M (3fn(j Pj.xociob8!»c kic.4^ • ^^ ^**
GMC Job No. HG-83015 - .
H.T.S. • • ! • _
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I
I
I
I
i

^ H6-8301S -*,***

Page 1 of 4

Charlevoix - Monitoring Hells

it** sm
8*211

12-1S-83

SURFACC §uv.

1

t

1

1 mt

o-i- « TntKori
• j Hoist, fine to medium, dark brown

j SAND with traces of silt

i
! . :

i

i ' •
6'0" •

Moist, fine, brown SAND with sowe
silt and traces of clay

8'0"

Moist, fine, brown SAND with little
silt

i • •

i
i
•

i
i .

i
ii
! • .: 1

1
1 '•

j

i
22'0" ! .

1
! Moist, fine, brown SAND with little
j silt and fine gravelli
i

!
-

iwa | *•» is-Wri "T"

1
. .
i
2

J

4

5

"Jf

7
.
S
.

9

10

n
12

13

14

15
_«_
1B-

17

18

19

20

21

22

23

24

I
• • • "

TTPI oriA_«,« REMAAU. Ho]e cjrvaa frai 27' - 87'.
i££S75*m 6routed fro» 27' to the surface. ,:
B.T. -1MILBT TUB)!

t Ml • u. ._.. r.fn.. .a>~ i* .. u.i. >. j" t...,_^-

-

t

i

«7S.

i

•

£.£&.

~i
• *
i
i

i !
1 !

.j i
i
i

i i

i
•

t
i
i
i

— !i

1

i
ii
i

•

OROUND WATBR OkSIRVATIOMS

O.«. CNCOUMTCMCO AT 29* rT. " 6" BN«.

•.*. ATTKM COM*H.CT»ON >8 ' rT- 3" •"*•
a.m. A, 'Tin *n. rT. i»«.
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I

I

i

§-

C
c
c

6fHC Roxxktoc he.
• •*•,*•"

joe NOI H6-8301S jmojecr

utor
M211

n-r. 12-1S-M

SUft'ACItttV.

_7$r'
>

*

ii
38'0"

i
i

' i

:"/ -• i- i
I

. , .... mauavrai ' ...

' . .' .• ' ' "

Wet, cedluM to coarse, brown SAND
with sooe fine gravel and traces
of illt.

• . !

* - . . • '

i

Wet.
with

TTPI or SA*U**.I
o. -o*sruftm«0
U.L.-VNBIST. UH«JI
t.T. -*MCLS)V T*J»>«
«.«. -S**\.IT 1*>OO«

medium to coarse, brown SAND
traces of fine gravel and silt.

. ' . • • • • " » " • • • » - • . - . •

" - ' '"•• * . - • "

•'4. • . '- ' . ' .

Irs

-

•**•
2V

Z^

id-"2*"
UZ9

•I30

1
31

3?

33
- -
34

3T-

36

37

38

39

40

41

?2

43

44

45

_

4$

47

48

U49

••so
•1*1

REMARKS. • ''.>>••:

StW*~i PcMttMtM T«M - tWfelM f 00 8eee*lM T WM
• — -" - • • • • — > • • - — u»J- ». a" I-A—U

****JiWnmtmt

•

•:

i

•VM^_V

•

e)

JTO

*.

>.

*

*

•

I

•WMf-l rH:

*

•.

•

1

t

OROUM0 VATCR OSSIRVATIOMS .--_-:
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